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g (54, Ti,re: MATERIALS AND METHODS FOR INDUCING ANGIOGENESIS AND THE REPAIR OF MAMMALIAN TISSUE 

O (57) Abstract: Stem cells, bone marrow or bone marrow enriched . 
^ now or deficient in a cell type, preferably by creating a trap or poc„.. „ 
pocket can be created using mechanical and light eneigy, or like expedie 



now or deficient in a cell tvi^ i>referablv hv7rr.",r„'" ". ^'^ Z'^^ ^'^I" '""^"ced ^"'o ^ host s, issue deficient in blood 

„„„ .„ "J" f "y^' Pr^f^-^bly by creating a trap or pocket w.thm the tissue for confining injected material. The trap or 
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MATERIALS AND METHODS FOR INDUCING ANGI^KNESIS 

AND THE REPAIR OF MAMMALIAN TISSUE \ 

Technical Field pfithe Inv^ntiop , j h ; : . ; ; >: 

The present invention relates to induction of angiogenesis in and 
5 the cellular repair of niammalian tissue.^ angiogenesis and 

^supplies, new cellos in the jepa^ 
, manner. Revascularization and cellular;repain can in heart tissue, 

wounds, surgical incisions, .the brain, the spinal cord muscles of die. extrern^^^^ 
and other tissui^s deficient in blood flo^y, inc|yding:the.male,SQalp, .as well in 
10 tissues in need of addkional viable cells. , i- i * 

Background of the Invention, - - : ) ; . 

Coronary Heart Disease and TMLR - Coronary Heart disease is 
prevalent in modern society.. Reducedblpod supply, to .the heart, due to 
blockages in one or more of the^corojiary arteries, is the niost common cause of 
15 , heart attacks and death, from heart disease.- Currently, surgical intervention 

using coronary artery bypass graft surgery and/pr coronary balloon angioplasty 
is the, most common procedure to treat this; condition. ^ J>lormally , a person can 
only undergo coronary bypass, surgery , twice; since the risks .will begin to 
, outweigh U^e benefits after that, point;-^^ Thus, in ; the past, a patient who has 
20 already, had two coronary bypass ,surgeries..was. left without recourse. - Other 

patients have failed repeated cpronary^ballp or are not suitable 

candidates for coronary bypass surgeiy or cpron2U7 balloon angi These 
, persons likewise are left. \vithout ;treatmentppt ^ : ■ ; 

I , Early attempts to create direct . blood^s 
25 mammals through channels from the heart chamber, as in lizards and other 

reptiles, involved producing ^tiny channels or passages in manunalian and human 
hearts ;with needles or prerheated wires. These methods met with limited 
success since the channels soon healed over entirely and failed to continue to 
enhance the blood supply. Early attempts were made to.graft a blood vessel 
30 from the aorta directly into the heart muscle to provide an internal source of 
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blood. While some benefits were seen, the surgery was technically demanding 
and the procedure was eclipsed by the int^oclilction of cbforiary artery bypass 
■- • graft ^surgery."' - i.'"?:'-'- ■ • ■• i'; ■■•'i 

A. . :.-^i- . :ioi:v.: ■ i-Tb overcome Aese 'priibl^^^ laser ' 

i re^ularizafion-'(TlVfLR)'?i«'B^-alfeihiJtfed using ■^'pulsed CO^ laser to make 
the/chartnels; Mi'rhd^eini erdl:v*Reva)sculafiz^^ of the Heay^ by Laser", J 
' Microsurg 2i2S3 (Jiirie; 1*98 !)• 'The Ias¥r forms each ch'annel by vaporizing a 
SipassageWay completely through UiH-W^i bfthe heart; ehablini blood from the 
heart chamber to perfuse the hearf museie. The' relatively clean channel formed 
by the laser energy prevents the channel from quickly healing 6verr and the 
channel either closes by cI6ttiAg%t thfe heart's outer surface, due to exposure to 
air or. applicauoii of manual pre^fe: In some 'cases, a suture i^requifed to 
close the GharinelV^^Hbw6vferv if bleedingxahnot be sto^ iif blading 

resumes at a latier time; after the'p^tieiit is no longer iii surgery ; the patient may 
15 require erhergency surgery or may^ie. ' '-' • ' ■ . 

The patents report -immediate reduction in angina pain as a result 
of blood flow from the chamber arid;' probably, temporary deactivation of 
nerves in the area of the channels:^ However,^ while riiost, if hot all of the laser 
created channels close dver-a pefiod'bT one or more months, the reduction in 
20 . ^ angina pain produced by TMiiRihCre^es over a period of six months and is 
. ■ • stable for at least ah' additionfal six fffdh'ths. hi animal'^^studies; it wks found that 
extensive angiogenesis was se&i in the area surrounding the (Channels, which is 
beheved to compensate for the eventual closing of the ehanhels and produce the 
increasing benefit over six- months or longer. ^ i : . ; . -i. 

' ■ ■'' Siircethe bofdy storeis'only s^ 
factors in the heart,' it is obvious that supplementing the body 's siipply of natural 
(endogenous):growth factors with'grbWth factors produced by r&ombinant 
technology, or infecting the myocardium" with genes able to cause myocardial 
cells to express angiogenic growth factors/ could yield greater angiogenesis and 
30 thus greater therapeutic benefits. 
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f . , . Angiogenesis - 'Angiog^ncs^^^^^^^ 

mammalian systems form new. capillaiiyri>.lQod,y and in 

^ response to injury . Nprmal foigioge^^ 

, . angipgenesis has b^en implicated. in: many^^^ states;: including earicer. 
5,^ ^^-r. - Arteripgenesis entails the formation of arterioles or neoTarteries which, unlike 
capillaries, are muscularized vessels proyidingj greater blood flow. Specific 
angiogenic grovyth factors and other substances have been identified art, 
such as vascular endothelial growth factor or VEGR, fibroblast growth factor or 
FGF, and agents which cause blood vessels to mature, such as angiopoetin. (See 
10 for example Fplkman et al., J Biochemistry 267(16):10931-10934 (1992); 
Thomas, J. Biocheniistry;27i(2):603-6Q6 (19^^ ' . r 
, ^ Initial work in the area of angiogen^^ 

discovery and characterization of angiogenic agents. For example, Abraham et 
al: , "Nucleotide Sequence.of a Bovine Glone.Encoding the Angiogenic Protein, 
15 - Basic Fibroblast Growth Factor'^ Science,) (1986) taught the 

nucleotide sequence of acidic FGF (aFGF or FGF-1), and the structures of acidic 
: FGF and basic FGF(bFGFor FGiFr2)x n : : v ; ^ 

, Recently it has been shown that the adniinistrat 
human FGF-I was able to. induce neoangiogenesis in ischemic! myociardium, after 
20 injection into the heart muscle concurrent with internal mammary artery 

, (IMA)/left anteripr descending corpnary: artery (LAD) anastomosis surgeiry. 
Schuinacher et al. , vlnduction of Neoangiogenesis in Ischeriiic Myocardium by 
Human Growth Factors" Circulation; 97: 645-650 J(l 998). : ; ; : 
, . Gene Therapy - With the identification and characterization of 
25 various angiogenic agents, it was possible to pursue direct molecular ^ 

intervention in yiyo of ithe, processes of neovascularization. Gene therapy has 
been a long desired go^ of biomedical science, but effective introduction of 
genes causing the expression of VEGF or FGF into cells of the myocardium 
takes lengthy exposui;e or "residence" time,; which is not practical in a beating 
30 heart. Inserting an angiogenic gene into the genome of a replication deficient 
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virus, such as Adenovirus, which retjiiris its ability to infect ceiJs but is unable to 
..; -■•replicateuwas proposed to overcome this problem Berl'ener, "Development of 
•Adenovirus Vectors for the Expffesibri of -HeteroIogous'Genes " , Biotechniques 
6=1 6^629 988) was one:t>f-thB'6arligst- reports on the liSe of siich viruses for 
) ;.; !(. geneitfansfen i^A Therapetjftit Wiiiddw for In Vivo'Adenoviral-Mediafed Gene 
r- -Transfer", :Girculation 90(4), patt-2:I-5T6; Abstract #2778 (1994), illustrates the 
. . -vMarious'viral eoncentratibris beyond which efficiency^is riot increased, using a rat 
• < rcarotid artery/system. ' •' .ui . ■ . .ii. ; ■ • 

. • .f ' . Continued research on gerie' therapy arid arigiogehic factors have 
yielded information about coordinated action of various' factors, for example, 
Suri et al., "Increased VasdiiMizatiori in Mice-Overexpressing Ahgiopoetin-1", 
. Scienee.282:468-47.1:(1998).; showed that angiop6e'fifi-l is necessary to mature 
;and maintain new vessels initiaiy fciieated by iritrbdUetfori* of VEGF or aFGF. 
This work demohstrates^that additional substancfeSi such as aiigiopdietin-l , can 
be used to maintain the integrity- off the newly created vessels- for a long term 
effect: •• ■; ■ - . -' ^ ^ ■ . 

Recently, injection of 4()0Gjig of gene (naked DN A) for VEGF 
into leg muscles of humans iwith peripheral aith^rosclerosis and limb ischemia 
. ; , was shown to benefit more thai) half the subjects. ^ However, a significant 
20 percentage did not respond id tti^ iher^y. See Bauriigartoer, I. et al, 

"Constitutive Expression of ph VEGF ii. After Iritramusculai- Gene Transfer 
Promotes Collateral; Vessel Development in Patients with' Critical Limb Ischemia 
Circulation" 1 1 14-1 123, March 3:1,' 1998; ^ :r • : r 

' Coronary Heart Disease^ Angiogenesis dfid Infiision - With 
25 greater understanding about angiogenic growth factors arid genes expressing the 
same, collectively; "angiogenic agents", and their potential to induce 
neovascularization^ infusion of such angiogenic lagerits into one or more coronary 
arteries was attempted to increase blood supply to the heart. However, a 
deficiency of this route of administration is that the angiogenic agent passes 
30 quickly through the artery into the genbral circulation after only one heartbeat. 
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. . The use of angipgeniCi agents and* thei 

disease were discussed by Goldsmith^ ^'T,o marrow's Gene Therapy^ ^ 
V : . Rlenteious, Potent Cardiac ytsseW\^-JMMAi26S^^ this 
article, Goldsmith^discusses Nvork by^ Jeffrey 
5 , ; ; Chicago), including naked DNA ijijeption into cardiac and skeletal muscle and 
J . the use of an adenovirus (replication sequences deleted) vector containing an 
angiogenic gene which was injected into a coronary; artery , infecting the entire 
,, _ artery. . - : .y-r^ 'r^'^ . c -./i- 

. Further work by Barr et al. , "Efficient Catheter-Mediated Gene 

10 Transfer into the Heart Using Replication-Defective Adenovirus", Giene Therapy 
1:51-58,(1994), showed that five days after intra-coronary artery infusion an 
angiogenic gene, inserted into the plasmid of a replication deficient adenovirus, 
the virus was detected in the brain, lungs, liver, kidneys and testes. This was 
after a single infusion into a.coronafy artery of 2 x 10^ -1 x 10^*^ p.f.u; of 
15 adenovirusrlinked gene Thus, infusion:ofiadenovirus-linked angiogenic genes 
into a coronary artery resulted in^the undesirable result of disseminating 
angiogenic capable genes systemically. This could enable an occult tunibr to 
grow by extending its blood vessel system: y Also, the body's immune system 
attacks and kills the cells invaded by the virus, limiting the duration of action to 
20 ^. days or weeks ;■■ o a ^■'■^'■'-•^l ' 

Angiogenesis by Intramuscular Injection - Attempts to directly 
inject angiogenic agents directly into the muscle of the heart, while attractive, 
have had various technical difficulties that; reduces the overall efficacy of gene 
therapy ; Lin et al. , "Expression.of Recombinant Genes in Myocardium after 
25 Direct Injection of DNA Circulation 82: 2217-2222, (1990), showed the 

feasibility of gene transfer into the cells of the myocardium by direct injection of 
naked DNA. Howevery when therapeutic agents, in a liquid medium, are 
injected into the, wall of a beatiiig heart, much of the liquid is expelled by 
contraction of the heart muscle on its next compression. ^ 
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- -StudieSiOf.the^pecifiG transformation of heart muscle cells was 

. . gfeaUy^advaiiced by.the.w©fk.oTBa*^^ 

: rii ; R^ombihanf Proteins l^^Gene'tic^Jy Modified Myoblasts" , Science 254: 1 507- 
;1509;(1991) dernonstrated-ithat kkdletai muscle tells of a host could be infected 
5 .,; :. i byjarvirus. Jinked to air.angiogenic'gene arid injected intd' die myocardium. This 
,\yas usefiil siuee myocy tes cannot be cultured in-vitro. However, it was found 
that injection af.tfiese ceHs-into cardiaomuscle, resulted in an inflammatory 
response and fibrous formations. Only transitory gene expression was seen, due 
to the host's immune system killing the cells infected by die "foreign" viral 
10;.- ■:■ vector. , ■ . '* ' ■ . ■" 

, -:; , French et al'.v "^Feiasibility arid Limitations of 
- Qene Transfer into Porcine'. Mydcardiiim Using RepliGatidri-Deficient 

AdenQviral, Vectors"y:Circulation:90(4)j part 2: 1-517, Abstract #2785 (1994), 
observed a much higher efficiency of. transformatiori (140;000 tinies higher) 
1 5 using a viral vector linked to a^gene, versus, the gene alone. Angiogenic 

transformation using viral vector/gene injection rarely produced angidgenesis 
, more than 5 mm from die injection site .-Again, due, to an immune response, 
, the duration of gene aictivity^ was limited. 

, f ' Losordoet; aI.,. .'fGene Therapy for Myocardial Angiogenesis", 
20 Circulation 98:2800-2804 (1998), describes initial clinical results wiUi direct 
myocardialrinjection of phVEGFi;sj.as.'Sole dierapy for myocardial ischemia in 
persons who had failed conventional therapy, and suffered frdrii angina. Naked 
plasmid DNAj.encodingz'for VEGFi was injected direetly into die ischemic 
myocardiuni;(anterolateraI left venti-icular free wall) via a mini left anterior 
25 thoracotpmy <1:25 :fig in 4 aliquots "of 2.0 ml each).. After aboiif 60 days post- 
operation, the patients appearedlto benefit froni die treatment. • 

In an oral presentation at die angiogenesis and direct myocardial 
revascularization meeting in Washington, D.C. on July 10, 1999, Burkhoff, D. 
(No printed abstract) described how bovine (cow) long bones were ground, 
30 acid demineralized, purified, chromatographically (HPLC) separated and 



INSOOCID: <WO_0120999A1J.> 



>yO0J/20999 . PCT/US0()/26232 

h - 7 - 

formulated into a mixmre, called .Bone I^^^ injected into the 

^ yolks of Japanese quail eggs and prod\iced- significant, angio^g^^ evidence 
, . of arteriogenesis. ^When the Bone iMgtr^^^^ an 
inflammatory, (cross species) ^respQnse;\yas seen;ywhich lasted :six weeks, 
5 limiting its duration pf action.^ to > ^ vi vi- h ■ 

, » , , ..Sjeveral U.S. /patents are re^ to gene therapy, viral vectors, 
, , . ,pid in particular angiogenic agents j 

5,849,997 tp (Grosyeld et ^J,)r5'8^^^^^ (Qrosyeld); 5,849,572 (Glorioso et 
al.); 5,846,947 (Behr et al.); 5,661 ,133, (Leiden et al.); 5^837,511 (Crystal et 
10 al.); 5,792,453 (Hammond et;aK); 5:,328,470 (NabeJ et al ); 5v698,531 (Nabel 
et al,); 5,707,969 (Nabel et al.); 5i840,05%,(Mareh et al ;,); 5,389,096 (Aita et 
„ . al.,); and.5,554,152 (Aita et al.,),,. , j - ] / ; j i - ^ . o \ 
: , ^ . 1 - .While an angiogenic .growth^^ 

factor, or such, a, gene incorporated in a vector, :in a liquid form, may be 

15 injected into, an arrested heart with?a simple syringe, in the case of a beating 
heart, much of the , angiogenic agent would be expelled on its next contraction. 
, As, a result, . creating a space within- the heart muscle, in which the angiogenic 
agent could reside for a sufficient tiniei to assure its! absorption into cells of the 
heart wall would be desirable. . )■) : ?r; • ^ * • : 

20 TMLR and Angiogenic A^ent jljer^^ Sayeed-Shah et 

al., "Complete Reversal of Ischemic Wall Motion Abnormalities by Combined 
Use of Gene Therapy With TransmyocardiaV- Laser Revascularization", J. 
Thprac. Cardiovasc. Surg. 1 16(5):763-9. (1998) describe the injection of VEGF 
genes along with TMLR. The. combined TMLR/gei^e therapy wais able to 

25 normalize heart wall motion in animals in which a coronary artery was 
artificially constricted, whereas heart wall motion was not normalized in 
similarly ischemic animals by the injection of the same gene or TMLR alone. 

The prior art CO^ laser uses several mirrors mounted on an 
articulating arm to reflect its light energy through a surgically created opening 

30 in the patient's chest, since CO2 laser energy cannot be transmitted efficiently 
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through optica] fibers. Laser eiiCFgy transmitted through flexible optical fibers, 
-■ through. a puncture betweeflitlfe^ribWr pe'rcutaneously through a major artery 
leading to the heart (Aahiben^ctnild' Eliminate the heed to'create ah opening in 
-thepatient's chest in order 'to pjeffornfi the' TMLR'^p^^^ 
5 Further, the use of lasers whtfse energy can be transmitted 

. throu^' optical, fibersi. such asiafgbh-iohr have- alto been^p^ for 
43efforming TMLR throii'gh a peitiitaneously inserted catheter 'from the inside of 
' • the h^art^chamber, Lc«-gr:jafl;.r •^Efied't^^of -Lalser -Iiradiatton- DeliVdrfed by 

Flexible Fiberoptic System dn the- Left Ventriciilar in'temal liiydcVdium" , Am 
10 Heart J., 63, Pg 587-590, September' 1983-:'- • . > ; - 1 ; > . 

However, -ifargdh-idh' lasei- energy Is applied' to forth 'the channel 
completely through the heart wall, the optical fiber mu^t be pr^seht in the heart 
wall for a period of time l6rigerthan?diastole, when the heart's electrical 
activity is mihijml and the heart is fiiomentarily at rest,:^since such lasers are of 
significanUy less power than the' CO^ laser vised in TMLR: If the procedure 
cannot be completed during diistole; within approximately 0.6 Seconds (at a 
: heart rate of 60 beats per miiiute); between heartbeats when die heart's electrical 
activity is minimal, a life threatening' arrhydiihia may result, and mechanical 
damage may occur to the heart muscle during its compression; which is 
20 impeded by the presence of the fiber ' . _ ■ ' 

; ' ' - ! The present inveritioh avoids, or at le^t minimizes, the problems 
of the prior art. methods of adrnihistration of an^ angiogenic agent and' 
accomplishes the desired angiogeriesis and arteriogenesis in a physiblogically 
compatible manner- In addiaon, thep'resent invention facilitated repair of 
25 mammalian tissues. •. r d. ■ i^i;;-...:'. - ; i. ^ r. . - ., 
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Suinmary;. of the. Invention , ^ : 

An angiogenesis inducingvmaterial isjritrod^ or 
^ space created in living tissue, e.g.[,;int9^a such/as the wall of a beating 

heart. A preferred material for thi? purpose is a-patient's own bone^^^n^ 
5 r y. : ^ Jhc ,bone, marrow contains presently, ic^entified growth factors v gene^ land 

as^pqiated agentS; (promojers, enhancers; etc;),- as. well as a wealth: of presently 
. , .unidentified growth factors, promoters, enhancers an^^ 

agents). Vitality of tissue which contains/dead^or darnaged; cells is .restored or 
the tissue is repaired by the patient's own bone marro^v which provides a supply 
10 : , of stern cells which, in certain instances^^ signalling processes 

^ , can, transform into the type of ceU the tissue r^^ other bone marrow. 

Stem cells and bpne marrow fprm^a donor physiologically compatible with the 
patient can be utilized for the present, purpose as well. i v 

. , V In practicing a preferred aspect of the present invention, an aliquot 
15 of autologous (host) bone marrow is; \yithdrawn from the host's hip, spine or long 
iDones using a. syringe in a mannerlgiown in the^^^^ bone^marrow^may, if 
desired , be; passed through one or niore .sc reens of decreasing pore size and 
centrifuged to rernoye fat and red cells.; The residual, material, referred to as 
bufly coat,, containing. stem cells, white, blood cells, platelets and intercellular 
20 bone marrow material, may be suspended in phosphate buffered salixle (BS), 

tissue culture mediuni, (preferably senim^ free, tissue<cu medium), or other 
physically compatible liquid as is knpw'n in the art .One method for preparation 
. of bone marrow for transplant purposes is described by Thomas, E D. et al. 
"Technique for Human Marrow Grafting", Blood; 36(4): 507-5 15 (Oct. 1970). 
25 : , , Stem cells collected from peripheral bloo 

known in the art, may be added to enrich the bone marrow suspension. > 
However,,it is also cpnternplated that stem cells, which could be thixotropic, may 
be administered per se, i.e., not as part of the bone marrow suspension, 
especially where the: stem cells were cultured in vitro , for administration to a 
30 , patient. Colloids or other agents, as known in the art, may be added to the 
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Stabilize the suspension of the bone marrow in ihe hquid' for siibsequeiit 
reinjeeted into the patient, if desir'ed; ' > 

• • Devices and^i^etho'di which can be used for 
' bone marrow suspension of >^hble foM niarrbW, art described in commonly 
' assigned, pending' U": S. patent -ipijlieations Serial Nos. " 08/307,5 12, b8/75 1 ,552, 
.• 08/790,546, 08/947,362, 09/015,391 arid 09/305,129; U:S.. Paterit No. 
a 4i,788;975; arid coitonohly assigned- U Patent No! 5;9i3,853, which are ftjlly 
= incorporated-hereiii'by referehce/'^'" ' 'i ' ' - - 

Brief Description of the Drawings ' ' : ' * ' ^ ' - 

The many embodiments bf dfeviees" suitable for the pfdctibe of the 
methods of the present iJiventioh are fiii4heriillustVated by the'^ccbinpanying 
drawings that form partlif the ^^ciFieation: and in which^ike htimefSi^ are 
employed to designate like p'airtiS ^hfo^ghbut 'the sahie: in die dr4wihgs: 

V -> • FIGURE 1 is a schematic plan f few of bne embodiment of an 
. apparatos for practicing the methods df die fjreseht inVehtion;'shc?wing a 

percutaneous catheter, the: distal end^portioh of which is positioned against the 
; endocardium of the heart, with an inner cannula/needle/opiic^ fiber inserted into 
- the myocardium: The proximaJiend portion of the outer catheter i^ removably 
attached to a housing and the irtrie^calhete^/ca^nula is attached to a mechanism 
. .which controls its insertion iiito bid ^^ithdrawal from the mydcardiiftn: A 
separate mechanism advances-'thefpliirigei^ of a syringe for delivering bone 
marrow .or(a.bone marrow suspension^ which May -be enriched with stem cells 
collected fromperipheral bldOd, dulling a portion of the inner cannula's insertion 
into the myocardial, wall; i .- :.t*. 

".^■ri ■ FIGURE^2A^is a schematic diiagfam^^s^^ 
apparatus and supporting features shown iii FIGURE 1, shdwihg in partial cut- 
away die fliiid communication through- the lumen of the iJiner cadieter. 

FIGUREj2B is 4 partiaJ'Cutaway sectional view of one 
embodiment of an inner catheter/rieedle/optical fiber device for practicing the 
methods of the invention (die positioning of an optical fiber widiin die lumen of 
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the mpvable inn^r cannula is shown with. the inner catheter being cut-away). In 
this particular embodiment, a short length of syringe needle .which^can be 
crimped down^and firnily attached tp :the optical fiber ii> shown. As shown in all 
FIGURES, the singly, optical fiber may also ;be a suitable bundle of ^smaller 
5 diameter optical fibers. n : ;. / : ■ 

FIGURE 2C:is a cross -sectional view of a needle/optical fiber 
device of the invention, W:herein the needle .is crimped at two opposite points (for 
example 3 and 9 o'clock) so asap firrnly fix the optical fiber wi'diin the bore of 
the needle, allowing; fluid communication.via the remaining elliptical space of 
10 the bore (in the example.shQwn, at 12:and ;6:o!clock) 

FIGURE 3 is; a cross sectional view taken along line 3-3 shown in 
, FIGURE 2A, showing^a cross, section of one embodiment of the outer cadieter 
with an inner movable catheter through which bone marrow, bone marrow 
suspension or other therapeutics can be delivered to the site of pocket formation, 
15 and the optical fiber positioned within this inner catheter, with one or more 

deflecting wires for articulating the distal end of the catheter: Also shown are 
optional anchoring \yires and. optional- ultrasound signal wires. 

FIGURE 4 is a cutaway cross sectional view of the distal end 
portion of one percutaneous catheter ^suitable for practicing the methods of the 
20 , invention, showing the tip of an out^r catheter positioned against the endocardial 
surface of the heart. . Movably disposed within the outer catheter is an optical 
fiber within die lumen of an inner cannula terminating in a syringe needle. 

, FIGURE 5 is similar to that of FIGURE 4v except the optical 
fiber/needle assembly has been advanced into the myocardium, and a pocket has 
25 been formed by, laser energy from the laser (riot shown)^ with bone marrow or a 
bone marrow suspension being injected intri the pocket formed in the heart 
muscle as the needle/optical fiber assembly is being withdrawn. 

^ ^ . : FIGURE 6A is a cross sectional view of a heart wall, showing the 
pocket with the bone marrow or bone marrow suspension within the 
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myocardium, created after ihjectiori from within the heart chamber during a 
percutaneous'procedOre. ■. • .'u.^5; ; • . ■ •. .. . • ■ 

• FIGURE 6B is.-a cross sectional view of a heart w^l, showing the 

^ , pocket of FIGURE 6B being created' from the exterior or epicardiai ^surface of 
5 the heart. . . ' . . 

P^G'J^^ "^A is a sfehematic plan view, Similar to that of FIGURE 
, 1, of one embodiment of an appairatus for practicing the methods of the present 
■ invention, showing. a handpiece and m'etal cannula for use in an 6pen chest or 
endoscopic procedure, the distal end portion of which is positioned against the 
10 epicardium of the heart,; with- an innel- catheter/fiber/needle assembly inserted 
into the myocardium. The proximal eiid portion of the' 6uter catheter is 
removably attached to a housing and the inner catheter is r^mbVably attached to 
an actuator mechanism (stepperi motdi-). Which dontrols its insertion into and 
withdrawalifrom the myocardium. A separate actuator mechaiiism advances the 
15 plunger of a syringe for bone marrow'br bone niairrow suspension delivery 
during a portion.of the fiber/needle aissembly's 'insertion into the myocardial 
wall. For a endoscopic procedum; iehgth- of the metal cannula extending 
' , . distally from the handpiece can b& greater than that depicted. 

PI<3URE7B illustrates the insertion of a device for practicing the 
20 methods of the present anventibfi:by open chest or endoscopic procedure through 
a puncture, between the ribsi depicting the abutment of a flange against the 
epicardium and the injeetion:of the bone marrow of bOne marrow suspension 
into a pocket in the.heaft muscle: foirhed by the laser eiiergy as the fiber/needle 
assembly is being withdrawn from the myocardium. ' - • 
' ' • FIGURE 7C illustrates 

inserted, without lasing, parUally into the' heart wall from the epicardium of the 
heart. -. ■ •■ ■ • • i. ., 

' . FIGURE. 7D illustrates the fiber/needle assembly of the device 
having been inserted, while lasing,. through the remainder of the heart wall into 
iO the chamber. 
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, . . FIGURE 7E . illustrates the-channe 
J t . laser energy from the device of FIGURE; 7D^' with bone marrow^or suspension 
. , thereof deposited, in the channel: ; ;> ; ;>[5> f:\' i*:^ ■ 
. . , y FIGURE TF illustratesfa wider channel m^ 
5 produced by double lasing in that area^ = i , j ^ !■ ^^^^ * * 

: FIGURE 7G illustrates the, fibeii/needle assembly of the device 
having penetrated, while lasing, into the myocardium froni the inside of the left 
ventricle;' r^^'J i-'- n:'t . c \: ' 'x----.^ r-i 

FIGURE 7H illustrates the channel created by the device of 
10 FIGURE 7G, with bone marrow or a suspension thereof deposited in die 
channel. M - j, , -i -'••i.O ;J ':>'■■■: ^ ^" - . ■ - 

' > FIGURE 7! illustrates ;^ wider channel produced by double lasing 

in; the myocardium. * ; -r - : > ^ r - - . - u - - - ; v. 

V , FIGURE 7J illustrates the placement of alternating rows of 
15 channels and pockets created ir the heart wall. ; : * ^ . 

: ; FIGURE 8 is a diagrani^ showing a typical ECG wave form of a 
patient, upon which the i window of time.between heart beats for insertion of the 
inner cannula needle, into the myocardium and injection of bone marrow or bone 
marrow suspension is defined by the bper?;tor locating Bar 1 and Bar 2. The 
20 rnechanical insertion, advancement while lasing, lasing cessation and; during 
partial withdrawal, the injection of bone marrow or bone marrow suspension 
into the myocardial wail, and complete withdrawal from the heart wall is shown 
and are timed such that the procedures of the invention are synchronized to 
occur a selected time after the "r" wave of the patient's ECG; to fall within 
25 diastole.; ^ ' • > ^ ^' ■ ' ' ' - 

, . ; ^vFIGURE 9A diagrams a further alternative embodiment of a 
needle/optical fiber tip assembly of the invention, for practicing the methods of 
the; invention showing the inner catheter overlapping the proximal end of the 
needle, with the fiber fixed within the needle and maintaining fluid 
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communication through the needle. - The arrows indicate the approximate 
location of the cross-sectional views 'depicted in FIGURES 2B-2C, 3 and 11-13. 

FIGURE 9B diagrams an alternative embodiment of a device of 
r the invention.in which the proximal end of die needle is shaped with a flange to 
5 which the distal end of the inner catheter, is attached, So as to minimize 

. perturbation of the outer surface of the inner catheter/needle, with the optical 
■ . . : fiber.fixed . within the lumen,' which, allows fluid communication. The arrows 
indicate the approximate location of the cross-sectional views depicted in 
FIGURES 2B-2C, 3 and 1.1-13. ; „ ■ . - 

FIGURE iO illustrates the proximal end of the inner catheter of 
the device, which is held in place by fluid-tight attachment to the optical fiber. 
, The optical fiber is not largcehough to completely fill the lumen, and thus the 
inner cannula retains at least one fluid communication channel. A fluid 
communication means. between the;lumen of the inner cannula and an external 
15 source of bone marrow or bone marrow :suspension is shown- having, in this 
embodiment, a Luer lock.atithe end of , a rigid ^ or flexible post ("y"or "t" 
connector) in fluid-tight attachment' to. the inner cannula. 

FIGURE It is a cross' sectional view showing an alternative 
embodiment of a needle/fiber optic device for practicing the invention, wherein 
20 one or more channels created in: the jacket or buffer coatijig of the optical fiber 
permit fluid communication throughctlie dumen of the inner- catheter and needle. 

' FIGURE 12 is a similar cross sectional view as shown in 
FIGURE 11 , depicting optical fiber covered by a needle, and the fluid 
communication channels being interspersed between flanges on the inner surface 
25 of the bore of the needle, which flanges fix the optical fiber in place. 

.. FIGURE 13 is similar to that depicted in FIGURE 11, showing an 
alternative embodiment of the needle/metal tip-optical. fiber of the invention, 
showing fluid comniunicatiori channels within the bore of the needle, between 
flanges, which fix the optical fiber, within the needle, and side ports to allow 
30 lateral exit of liquid. 
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... FIGURE 14 is ,a:Qutaway cross sectional view of ah aidditional 
embodiment of a dey ice. suitable: fprjdie; practice of the present invention 
showing diat the proximal end of :the:j^^ 

, source, of therapeutic agent by m^ansiofr a gasket, and the optical fiber Within the 
5 , . inner catheter is in qonimunication. with a souE^^ 

outer metal tubes enable the inner catheter/needle/fiber assembly to be advanced 
. and withdrawn by a stepper motor;mechanisrri/ l ' ^ - 
- FIGURE 15:is a schematic diagram showings an alternative 

;embodirnent of another device suitable for the practice of the methods of the 
10 . ( . invention, in which the bone marrow or bone marrow suspension is delivered by 
r ^ - a pump into the inner catheter. This pump embodiment can also be adapted for 
, ; injection into the heart wall during open surgery or in; a endoscopic procedure 
through a puncture between the ribs, as well as in a percutaneous procedures. 

FIGURE J 6 is, a cross section' view of the distal end portion of an 
15 alternative embodiment, of a device ofthe invention in which ultrasound 

. transducers ;are used to enable the operator or a micro-processor to determine the 
thickness of the myocardial walL A movable obturator is inserted within the 
tube. which, when advanced; injects bone marrow or a bone marrow suspension. 
No laser energy is used with the device * :L n ^ v : . 
20 : FIGURE 17 depicts a view sirnilar to that of H 

showing a rod with:-an Vo" ring to effect a seal with the Inner catheter, which is 
used as a plunger to eject bone marrow or a bone marrow suspension from the 
needle, aliquots of which may be separated by gaseous bubbles of a 
predeterminedrsize. No laser energy is utilized with this device. 
25 FIGURE 18 illustrates a conventional syringe manuially or 

V mechanically actuated to eject a desired amount of bbrie rnarrow or a suspension 
thereof from the needle; No laser energy is used with this device. 

; r r FIGURE 19 illustrates another embodiment of the invention with 
a short length of syringe needle affixed to the distaJ end of the inner catheter by 
30 adhesive or the like. Again, no use of laser energy is entailed in this 
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embodiment. One or more pellets of bone marrow extract, optionally in a 
pointedicnd or bullet shaped configuration, are lined tip v/i thin the ifmer 
i catheter- The inner* eatheter/needle-ais^ 
i - . :- ^U^^^tissue,.o^gan■or:heart,wall rnknually or 

5 , ThQ pbturator.is advanced-manuallyor by a second advancement mechanism a 
.distance necessary to expeLone^or a desired number ^of the pellets. 

FIGURE 20 is! a schematic drawing of an alternate erhbodiment of 
,the present:invention, .whiGhiinoludes;^ meGhahical means to advance the inner 
r; catheter/needle assembly .;through the.outer catheter, whose distal end can be 

positioned on- the endocardium of the heart, an organ or other tissue: A separate 
' mechanical: means advances the.'pJungeSri of a syringe to inject bone marrow or a 
/ . suspension thereof into the tissues No , optical -fiber or laser source is used in this 
particular embodiment - - , l^ : : k . , -iir ; ' ; 

FIGUItE 2 1 is :a schematic representation: of an alternate 
15 embodiment of the present invention. As in FIGURE 20fVmechanical means is 
used to advance the innercatheter/needle: assembly through the outer catheter, 
which can be positioned on the exterior surface of the heart, an organ or other 
. ; tissue. A separate mechanical means advances the plunger of a syringe to inject ^ 
bone marrow or a suspension thereof into; the tissues • No optical fiber or laser 
20 source is ;used in this embodimentr As in FIGURE 20, movement of the inner 
catheter/needle assembly and theiplungerof the syrm^ when the 

. activation button is pressed, by a microprocessor, which can optionally 
synchronize these actions.with the patient's ECG^- : r . - 

/ . FIGURE 22 illustrates the basic components-'of^a kit for extraction 
25 and preparation :of bone rharrow. or a bone rnarfow suspension. 

FIGURE 23 shows a human stem cell lodged at the bifurcation of 
an artery . The; arrow indicates the direction of flow. - , 

' FIGURE 24 shows a buman stem cell encapsulated in a liposome, 

which is lodged at. the bifurcation of a larger artery than shown in FIGURE 23. 
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encapsulated in a liposome^ which i^^ bifurcation.of a smaller artery 

than is shown in FIGIJRE.23. ij) r.i^ or r,. ^riHK-^r. 
J FIGURE 25B show,S|thejipos 
5 material of FIGURE 25A with the suijface^of the liposome layer facing the 

direction of fluid flow ,being decomposed by the pressure being exerted thereon, 
and the intercellular material being rele^ into th^ blocked artery . : 
Detailed Description of Preferred Embodiments : 1 1 
Bone Marrow . . ^ , . ^ . , ^ ^ ■':■^^:^t■ :aU \ ^ - • -i.-^K ^^^'-'^ 

10 : , The constituents of bone marrow an4 their deve^^^ 

knp\yn and are described iti Cecil Essentials of Medicine, Fourth Edition, by 
Andreole, et al., pages 355-357 (1997). In the normal, adult, blood cells arise in 
the bone marroxy. Normal bonp. marr,9\y consists m stem cells, 

heniatopoietic. precursors of granulocytes, inclucling myeloblasts, (which are 

15 highly replicative), as well as erythrocytes,; lymphocytes, plasma cells, 

mpnocytes, precursors of platelets Xmegakaryocytes) and intercellular liquid, 
altogether making up about 00% of the m The remaining 40% of 

bone marrow includes fat cells arjd suppprtiye elements (blood vessels, red blood 
cells, and fibroblasfs). . . , : J ;yr . ^ - ' ; ; : 

20 „ The cytoplasm of granulocytes and myelocytes is rich in;i 

ribonucleic acid (RNA). As the granulocytes and myelocytes mature, granules 
appear containing microbial components -(defensins, permeability-increasing 
, proteins, lyspzyme, myeloperoxidose and hydrolytic enzymes (neutral and acid 
protease). . Later, specific cell granules appear (neutrophilic, eosinophilic or 

25 , basophilic),, collectively rnyelocytes, which mature into metamyelocytes or 
segmented neutrophils. . , . ^ ;< s • ; • c v / . ^; v 

. ! As erthrocytic precursors niature, the rubriblasts,- (which are rich 
in RNA), become reticulocytes, and move to the spleen to mature for one day or 
so before entering the peripheral blood stream. • . ; . 
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- Megakaryocytes; jirecufsors of platelets, begin as a blast cell and 

• differentiate into platelet-like domains: Mature meg^^ocytes contain an 
amount ofDNA equal to that of32 to 64 normal cells. ' •■ 

■ '■ - ' ■ ' ■i'y'"ph*)cytic^ 

' : cytokines, particularly irite, leuku,^ ^ These ^ells^inkture in the thymus 

^ ■ spleen and- lymph 'nodes where, under sj^ecific cbntroll' they further differentiate 
into tlie panoply of the immuhe systeniYlyi^phocytes. • ' 

Human meseriehy^hiaJVfgmc'drs (hMSCs>iive fisefo marrow 
stromal cells which produce the spongy matrix of the bone m'arrow. ' Marrow 
• stromal cells produce a spectrum of growth Tac'tdrs and b'^^^ molecules that 
regulate the^proliferation. differehtiSti^H^nd ttaintenahce 6f human stem cells 
and their precursors.-* , \ . : : - 

' Stem-cells form mi>ced-"GEMM" (granulbtyte^ 
megakoryocytes and mohocyies) coldriids under the influence of th^ granulocyte 

colony stimulating cytokine GM-€SF.r Macmi,hages split from er^ 
megakaryocytes, -and further are split1.rid^r the ihfl^ 

colony stimulatmg cytokine'^G-GSF; mto gfahWoc:^teV and monocytes. The split 
into eiythrocytes and megakatrybcyteS is influenced % two cytokines 
erythropoietin (EPO) and (presumably) thrombopoi^tm (tPO)! <P,ate'lets develop 
(presumably) under the influehce of ILq I' and fPO,- although their action and 
the funetion-of related unknown elemeA^^ .. 
^ - Lit,,.j, et al..-in^'VIfflmuri6elettr6h Micrbscdpib Localization of 

Growth.Factors and > Other Markers in Htfman Lbrig-bone M&^ow^C^^^ 
Chin. Med. Sci. J: li(3):.129^35 (199fe), showed that bFGF (FGF-2): GM-CSF 
and G-GSF wei^rpresem^in bone marrow. based on ihtehs^ labelirig'for electron 
microscopy. Double labeling of heparin sulfate proteoglycans and CM-CSF 
showed binding of the growth factor.-bFGF. to the extracellular matrix. 

Bankes et al. . in "Release of the Angiogenic Cytokine Vascular 
Endothelial Growth Factor (VEGF) from Platelets". Br. i. C^cer 77(6)-956-64 
(1998). showed that VEGF was contained in platelets and was released upon 
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^heir activation during coagulation.o.They dso found VEGF within • 
megakaryocytes and other cell Q'.R^Si in -b.onerniarrow J " ,i . ■ : 

Mohle, R. et al , in "Constitutive Production and Thrombin- 

induqed Release.of.yascular EndoUielial Grow^^^ 

5 MegaJ^gfyocytes and-Platele^^^^ 

(1997), showed that co-culture of bone: marrow rnicrovascular eridothelial cells 
with hematopoietic progenitor c.ells reailts in proliferation. and differentiation of 
megakaryocytes, and these eel Island Cmi a^ cells, secreted VEGF-121 , 165 and 
189, primarily the 165-isofQrm, .and that thrombin stimulated the release of 
10 VEGF in 30 minutes. .- r . ; ^ : • . ' . ' • ' ■■ ■ 

Maloney et>al. , :in "In yitro Release of Vascular Endotheleal 
Growth Factor during Platelet Aggregation," < Am. J: Pysiol-. 225(3P,2)iH1054- 
61 (1998), demonstrated that, during aggregation, platelets release VlEGF. 

Thus, bone marrow has been shown to contain growth factors and 

15 , cells containing, the genes that cause. the expression of angiogenic^ growth factors, 
as well as a variety of presently unidentified ^angiogenic agents , promoters, 
, enhancers, maturing agents, signalling agents. and other substances, in addition 
to undifferentiated stem cells.. Such stem cells, in. the presence of the cytokines 
present, in bone mai-row, develop into Wood cell lines. Injected iiito tissue, 
20 under.the influence of local tissue, specific cytokines, stem cells differeintiate into 
the cells ofthe tissue.into which they are- injected, including epithelial cells, 
, smooth, muscle.cells, neurons ^ etc. , as a result of signalling agents that seek or 
potentiate die development of needed cell types.: ; : ; - ' : > 

The average adult body contains 10" cells, all derived from one 
25 embryonic zygote. Embryonic stem cells may self renew or differentiate, based 
on extrinsic signals found in their environment. The decision to self renew (not 
differentiate) is dictated by leukemia inhibitory factor or LIF (Hilton & Gough, 
199!l; ,Sinith.etal,:1992)., 'j^'^tinn 1 12 of The Biomedical Engineer ing 
Handbook , titled The Biology of Stem Cells, Jordan, and Van Zant, describes 
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how stem cells are totipotent, able to uTiplement every possible program of gene 
expression, into all- of the adulrcell-pheiiotypes. 
; : i- ■ . Stem cells-rfiay'double-as many as 5000 tiines or more over a 
period of 70 years. The decision^ to^ differentiate- is usually dictated by a growth 
i :-fac(or.or, other cytokine, although this jirocess is presently potJrly understood. 
: After differentiation,, approximately ^O cell divisions occur before senescence, 

but ^.larger number of diyisionsimayocCur for certain cell types, WcH as 
. ..^ intestinal epithelial .stem cells,: which may 'extend to several thousarid divisions. 
. This may be due to embryonic stem cells having the ability to regenerate their 
telomeres by expressing an enzyme (telomerase). • • 

• '- ' - Some types oT embryonic stem cells are committed to 

• ^ differentiation, by platelet-deriVedigrowth factor (PDGF) and bFGF (Wren et al 

. :■ ^ -Tissue specific Stem cfell^are pluripotent,^ but not totipotent. 
Tissue speeif,c:.stem cells are found in the^liv^r, nervous system 
system and Skeletal muscle cells, ^^nbng' others. ■ . i ' - 

'■ ^ T . : .. Stem cells in theiadult inay be obtained by' extraction of bone 
marrow or-xollected from peripheral blood by means known in the art. The 
numbers of stem cells can be stimulated by exposure to appropriate growth 
factors, including LIF: A small Bone imarrow specimen, taken under local 
anestiiesia in an outpatient settingv or. stem cells collected from peripheral blood 
by apheresi?, as known in the art,.can be expanded outside the bbdy into a larger 
number of stem cells, particularly in the presence of transforming growth factor 
beta (TGFb), for, reimplantation after one 6r more courses of chemotherapy. 

. Stem cells may also be cultivated in vdtro for subsequent ddministration to a 
patient.. , -. ; ., .i . , , . : 

• ' . ■ Takahashi, etal..,«IscheiTiia-andcytokihe-ihduced mobilization o 
bone imrro>y-derived endothelial progenitor cells for neovascularization". 
Nature Medicine, 5(4):434-438 (April 1999) report that GM-CSF stimulated 
production of endothelial progenitor cells and improved hind limb 
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. . , . neovascularization in animals-with:hm^^ Stem cells ajid GM-CSF 

, are found in bone marro.w. In a press release issued July 15 ^1999 (Business 
Wire), Cyclotherapeutics, Inc. reportedon work by Fricker, and Bjorklund, 
i ^ which showed that hunian enibryonic n^^^ 
5 certain neurotropic factors, , when-implanted into rodent brains, migrated from 

, . , the site of transplantation land integrated into' host neuronal brain tissue in the 
hippocampus,: olfactory bulb and other regions of the brain, by differentiating 
into neuronal cell types in response^ to cues in the tissues in thie areas of the brain 
into which they migrated. Mature, differentiated brain cells do not have the 
10 ability to migrate. ■ ; : . > / j ■ ■■■■./ ^ 

, , • ■ , In an article in the Orange County Register on July 7, 1999, 

; Stephen Bartehnez, M.D. , reported on the ability to grow bone marrow-derived 
mouse stem cells for several nionths in the presence of thromboprotein (TPO), 
fibroblasts, megakaryocytes and? endothelial cells^ which may provide growth 
15 .factors and other stimulatory, maturation and signalling agents. Stem cells in 
laboratqi^ culmre usually. die after. one^m^ ;Lr 

I McKay, RiD.G. et.al., reported in "Embryonic Stem Cell- 
Derived Glial Precursors: A Source of Myelinating Transplants" , Science, 
285:754-756 (July 1999) that embryonic stem cells can repair nerves in the 
20 spinal cord and brain. However, die use of embryos is controversial and may be 
constrained by limitations on federal support of research and proposed 
legislation. If the use of embryonic stem cells is ultimately determined to be 
legal and ethical, they may ibe used to supplement the capacity of bone marrow 
to repair tissue. Ideally, cord blood of an individual could be frozen at birth and 
25 i stored for future use by that person for such purpose, avoiding any rejection 
mechanism..,, - -.r: . ' ' -~ 

• Creating a suspension of stem cells, isolated from the patient's 
bone marrow fpr collected from his/her peripheral blood and grown in a 
laboratory, as described above, can be injected into the heart, brain or a variety 
30 of other living tissues of the body, where the injected stem cells niigrate to and 
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; differentiate into types of ceils that are needed by the tissue into which they are 
injected (blood vessels if ischeinia is present, myocytes if cardiomyopathy is 
. present,- neuronal tissue-if electrical or; synapse dislocations are present, islets 
and beta cells in the pancreas in di^betiCSi etc.) all under the influence of local 
5 . : :.cytokines, which may be present or are expressed as a response to local needs. 

- . = Likewise; a/liquid suspension of bone marrow can be so injected 
^ to obtain a similar effect. A suspension of bone marrow in a physiologically 
) . comp?.tible !iquid,.enriched:by.the addition of stem cells, collected and grown as 
' - described above; achieves an even more desirable effect. . 

In this manner, a variety of organs and tissues can be 
revasculaiized,= repaired pr revitalized in a physiologically compatible manner, 
; . rather than; by administerihg one or more- costly agfents made by recorribinant 
technology, which may have , unanticipated adverse effects.^ As described by 
Harawala, et al.,.in "VEGF Improves Myocardial Blood Flow But Produces 
1 5 , EDRF-Mediated Hypotension in.Pbrcine Hearts" ; J- Surg. Res. , 63:77-82 

(1996), the administration ofiVEGF was shown, to improve myocardial blood 
flow, but produced a significant .depression in blood pressure, which in turn 
caused the: death of several' of . the; animals in the study . 

A liquid suspension of autologous (host) bone marrow, autologous 
20 .stem cells, isolated, collected and :groWn as described above or autologous bone 
marrow enriched by. the addition of autologous stem cellSi as well as autologous 
bone marrow, by itself, compressed intoa pellet or enriched with autologous 
stem cells, are hereinafter collectively referred to as autologous growth agents 
. .(AGA), the preferred growth agents; 

2^ 'J'o reyascularize heart tissue, an AGA is -injected.-with the heart 

arrested, into tissue such as the heart muscle with a syringe or pellet injector, or 
into a space; created in the heart, wall by a laser, as.described herein. Such a 
procedure is useful to treat (a) ischemic heart disease caused by one or more 
blockages in the coronary, arteries by causing angiogenesis, (b) congestive heart 

30 failure (CHF) by the creation of cells secreting adenylyl cyclase to enhance 
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cAMP signalling, or:quanylyl cyclase to enh signalling, both of 

which cause sniooth muscle cell rd^^ as 
, well as the conversion of stem cells; jntQ mypcy tes and/ornerves; ;(c) - 
cardiomyopathy by the trsaisfprmatipn Qf |Ste^^ into (myocytes and: nerve 
5 cells, and <d), heart wall motion- abnormal i^ by .restoring the viability of a 

portion of the heart wall which;does,not,function,; or only partially functions, 
due to. the. presence of scar tissue from an^earlier acute myocardial infarction, by 
injecting an AGfA into the, scar tissue^and suiT^ 

angiogenesis and tl^e transfonnation of stem cells to myocytes, nerves and other 

10 supporting cell types. Injected into a.brain artei!yy .the{brain, or spinal column, 
. . in addition, to angiogenesis, AGA causeSfthe production of needed brain or 
neuronal cells, for example, to treat an ischemic stroke. Likewise/ injected into 
other. organs or tissues, whatever cell type is needed. is created by naturally 
occurring "demand" cytokines in the tissue, ^ : k . : v 

15 ; ^ , . , An AGA (therapeutic fluid) , can be administered, for example 
an.aquepus or npn-raquepus liquijd suspension (vegetable oil, aliphatic acid 
glyceride, ester of an diphatic acid, o^ enczqjsulated in 

liposomes in a liquid suspension, in a solid or semi-solid form, with or without a 
, vehicle \yhich is solid, at ropm temperature and melts (becomes liquid) at body 

20 temperature ,^ , in the form of a gel , ointment, or poultice, for application to the 

skin, scalp, a wpund or surgical incision, vas^a; suppository, with a vehicle such as 
cocoa butter or polyethylene glycol (i.e., CARBOWAX®, available from Union 
Carbide Corporation) , for. bowel and lo wer intestinal applications or as a powder 
inhalant or aerosol for pulmonaiy 2^ jr^^ 

25 . Delivery of an AGA (therapeutic, fluid) to the desired site can be 

accomplished, for exarnple, by oral, parenteral, intravenous, intra-arterial, inter- 
pericardial, intra-pulmpnary, intramuscular, interstitial; intrathecal, intracranial, 
intraperitoneal, transdernial, subdermal,'intrader^^ topical, and the like routes. 
It may be introduced into, any tissue deficient iii blood flow or normal cells, or 

30 into an artery suppling blood to such tissue. _ 
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An AGA can also include biologieally compatible aujiiliary 
substanc^es; such as pH adjusting and buffering agenis, -tonicity adjusting agents, 
stabilizers; wetting agferits-anc tfie like, by means Well khown in the art. An 
. AGA can also be administered with agents that enhance nitric oxide (NO) levels 
■> r (by eriiancing NO synthase ahd release of NO), or agents that enhance 

prostacyclin levels (enhancing prostacyeliri; synthase and releasing prostacyclin) 
... both of which enhance angiogenesis;. NO enhancers include, for example, L- 
.arginine,,L-lysine,.antioxidantssuchastocopheryrasco^^^^^ 
r ubiquinone. . NO synthase enhancers include tetrahydrobidpter^ sepiapterin and 
the like. Prostacyclin enliancers include; for example, eicosopentanoic acid, 
.docosohexanoic acid-and prostanoids, such' as prostaglandin E/and its analogs, 
. : ■ and the like.-; ; :. ^.jf.;-'. •::!• . ■ ' . 

■ . Whenformol^ed-toageloi^^^m^^^ 

carboxymethylcellulose-based^agerit or the like; for example, an AGA can be 
injected or extruded by a syrin^e iii a path from a point at or near a blood 
.■vessel above an occlusion tb^a point at or hear the blood vessel below the 
occlusion, thus, creating a pathway for-format^ around the 

•■ blockage. •:; , • • ;. ■: --: I, . / • ' . • . 

- . For wound healing or othfer topical applications, the AGA can be 

combined.with a physiologiGal<ly:compatftle carrier^^^^ '■ 
colloid, oriother.physiologically-eompatibM material that can maintain a moist 

- ; . Tbe,therapeQtic.dGsaigeof anAaA^dependsuponthee 
the tissue to be revascularized^or repaired 'in vivo, the rtature of the tissue, and 
odier factors, and varies ^widely from application to application. 

Since pulsed lasdrenergy (Holmium: YAG, 'Excimer, CO^, etc.) 
has been shown to induce ahgiogenesis in the transmyocardi^ laser 
revascularization (TMLR) profcedurfe. and since pulsed -laser energy and the 
administration of an angiogenic gene or growth factor has been shown to be 
complimentary by producing an additive effect on an ischemic heart wall greater 
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than TMLR or injection of the gene or growth: factor alone, it is possible to 

achieve.enhanced angiogenesis by Jirst applying laser energy :and then injecting 
^th^ AGA mtc.the jschemic tissue.^riThe^ad effect of the laser may be due to 
an increase in cell wall penBeabilityrprpduQed by; pulsed laser e^^ its 

5 acoustic shock^effeeU ■ • y-u c-^r 

In addition, the use of l^er energy at an energy level sufficient to 
_ vaporize tissue, prior to injectiqn^pf die AGA- creates a pocket or space in the 
tissue^ surrounded by a thin>zone of coagulated tissue, ^in which the AGA may 
reside. In the heart, for example, unless a pocket or space is created, an 
10 . injected substance: would be largely expelled during the heart's next contraction. 
, The coagulated tissue wilV be. phagotQsized.and/or absorbed by the body over a 
period of several [weeks^ giving the AGA time to exert its effect. Pulsed laser 
, energy has also been shown to incre^e cell wa^^ permeability, enabling growth 
factors or genes to more readily and quickly enter cells , 
15 _ , . When applied to a beating heart, the injection of AGA can best 

, :be accomplished from either the epicardial surface (outside) or the endocardial 
, : surface (inside) -of. the heart with the -'ENdL^R system described in commonly 
owned U.S. Patent No. 5,913,853 and commonly owned pending U.S. patent 
application Serial No. p8/307,51j2, acbntinuation in part of the aforementioned 
20 U.S.. patent, application Serial No. ,08/.790^5^6, all of which are fully 
incorporated herein by reference. ' ' V 

, / To avoid expulsion of the AGA during the next few compressions 

pf the heart,, the AGA can be injected into a pocket or tr^ in the heart wall, as 
described in commonly owned pending U.S. Patent application Serial No. 

25 09/305,129, which^ is fuUy inco^^ ' 
■ Tp.avoid generating a life threatening arrhyt^ 
a TMLR .ch?jinel or popketi along with injection of an AGA should be 
performed , during -diastole, when the heart's electrical activity is nrdnimal, as 
described in U.S. Patent No. 4,788,975 (Shturman), which is fijUy incorporated 

30 herein by reference. 
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■ Other forms of energy rtiay be used to create a' channel or pocket 

' in Lhe wall of the heart including radid'frequency energy, a rotating burr, piezo- 

... - . electric energy,:focus6dt,ltr^und;mifcrbwave energy arid^A^ like, as more 
• . 'ftill>vto. described in Gomiri6nly.o«rned;U:S. patent application Serial No. 

5 09/01 5 ,391 , which is fully incorporated herein by reference: " ' 

-..yy Lifcewise,i to treat peripheral artery disease as a result of 
atherosclerosis,, an:AGA may- be irij^ted ihto the leg muscles, as well as into 
: . the ankle, ifobt.aiid other tissues, to create ahgiogenesis to stimulate the healing 
of ulcers-and to treat peripheral atherosclerosis and gangrene. * 
■ - ■ " ' ' '^^'''Wr an areaof the brain which has be 
• •-•»s^hen,ie s^*>ke. an AGA may, likewise be-injected intracranialiyvihto an artery 
, feeding the affected area,.intrathe6ally-6r into the'spinal fluid, to cause- bodi 
::angiogenesis and transformation-of stem cells into nee'ded brain, nerve and other 
supporting cell types. • ^-.v ; ; ■ ■ 

• To treat,diabetes, an AGA may be injected into the pancreas or 

infused into an artery feeding the p^creas. : End stage; renal disease and kidney 
failure may be treated by infusing 'ah AGA into ±e renal artery ^or injected into 
the. kidney., .j . ; .• y- i-.--: - .• ., ••■ : ■. 

: : : = To treat spinal cord damage or damage to any other organ or 

tissue, the injection of an AGA.cffi indud6 ^giogetfesis and the formation of 
any needed cell types. r v . , . j ^ i ,. 

. ' To stiniulate the groWUi of hajr^^^^^^ 
may; be injected;5ubcutaneously in a jjattem over^^he area to be' treated, or it 
may be-applied topically, wlth.or.without a skih-pehetraht agent, as is known in 
the art, in order to create keratinoeytes and otherfoUicle cells, pVodiice blood 
vessels to .supply blood to. the dormant follicles and stimulate the growth of new 
hair. The administration of AGA may be complemented by the prior 
administration of pulsed laser energy to increase cell wall penneability and 
, create additional angiogenesis. ' - - > ^ • ■ . . ; 
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. The amount, of bone, mzu-r^^ 
with the size of the organ pr Uie< mass pj the; tissue to be treated. - For example, 
to reyascularize the left ventricle oi; ,an>adul^^ about 1 cc to 10 cc or 

mpre of bone mat;rpw, may be extracted, filtered ^through one or niore screens, 
5 declining. frpm a pore size of .about,0,4 mm to about 0.'2:nrun, pjartially liquified 
with a small amount of senim free cell; culture medium .(such as Stern Pro-34®, 
niaijufactured,by Life Tephnelogiesv InG.,, Grand Island, *JY),-centriiuged, and 
the buffy coat removed by pipette.. , Taie^extracted buffy^^^^ 
in phpsphate buffered saline (such as ;that manufactured by Fisher Scientific, 
10 Inc.), utilizing about 3 to about 15> cc of phosphate buffered saline, preferably 
about 5 to abput 12 cc, per cc of bpne^mar tow extract. . Approximately 0.01 cc 
to 0.5 cc,. preferably about 93 cc-to.abput 0.2 cc, of the suspension is injected 
at each site, with die injection, sites spaced approximately 0.5 to 1.5 cm apart, 
preferably, about 0.9 to 1.1 , cm apart-.v : ' i , ' 
15 . .. rA.simUar amount of an AGAniay be injected into leg 

described, above, to treat peripheraiv atherosclerosis, promote healing of ulcers 
and treat gangrene. Likewise, to. treat? baldnessj a needle may be - 
subcutaneously>inserted, perpendiculairjorjparallel to the surface of the skin, and 
one or more sites, injected with an AGA as described above, or the suspension 
20 may be applied topically to the scalp; ..as,.weJl as to a wound or surgical incision. 

.If the area pf baldness; the;.damaged area in the heart, brain or 
other organ; or the wound or incision area is.smaller or larger; a 
proportionately smaller or larger amount of ah; AGA may be injected therein. 
Growth Factors r „ ■ ■ '•' 

25 , , The originally characterized form of \^GF (apprbximately 34-46 

kDa) ^yas about 20% identical with platelet derived growth factpr (PDGF) A 
and B chains, including conserved G YS residues. Another close horholog called 
placenta.growth factpr (PIGF), on the basis of its original source, was also 
cloned and identified and shares 53 % amino acid sequence identity with VEGF. 
30 It is dipught-that VEGF and PIGF. may interact in similar fashipn as PDGF A 
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and B chains to form,hetrodinier proteins. ' Bone marrSw has a copious supply 
of platelets and PDGF and has" been shown to contain VtCF. 

■ = . ..: • Acidic Fibr6bla£t Grov/di Factor(aFGF 6rFGF-l) and basic 
: fibroblast growth. factor.(bFGF or.FGF^2) was characterized and compared by 
. Ginjenez-Gallego et al. . "Brain-derived Acidic Fibrdbl^t Growth Factor: 
. .Complete Amino Acid Sequence and Homologies"; -Science 230: 1385-1388 
.. (i985),- and has been found .to induce anjgidgenesis.^^^ «Site- 
: . <lireGtediNeovesserFormation:in -Vivo":. Science 241:1349-1352 (1988); ' 
Folkman et al., "Angiogenic Factors", Science 235:442-44? (1987). Bone 
10 •; marrow has been shown:- to. contain aFGF and bFGF. ■ ' - 

.. .. ... Hariawalaetal.v '"Angiogenesis and'the Heart: Therapeutic 

: :. Implications",.;. . R. Soc. Med.^:90:3O7-3H-d997) discuss several possible 
..applications of angiogenic factors in treating man.- Th^ rfbte that ^ene therapy 
using viral vectors appears promising, but after takiiig ufi foreigri DNA, the 
virally transformed abnormal cell' is iattacked and destroyed by the host's 
•immune system, and its expression ^of the gfene ceases. Antoldgous (host) stem 
cells and.bone marrow are be.non-immunogenic. . 
• ■ - '^^ently, injeetto^ 

completion of bypass anastomosis was demonstrated to induce neoangiogenesis 
in the human heart. Schumacfter^tal.-V ^Induction of Neoangiogenesis in 
Ischemic Myocardium by Human Growth Faetors", Circulation 97: 645-650 
(1998). Bone marrow has heen.shown to contain aFGF of FGF-l: 
Genes to .Produce Thf>ra peulic FnTy mPc . -r ■ . . ... 

While more patients have survived an acute myocardial infarction 
(AMJ or heart attaek) due to available, intervention and ti^atments, there has 
been .an increase in the number of patients suffering from congestive heart 
failure (CHF), a.weakening of the heart muscle, and Cardiomyopathy. It has 
been:,recently reported thar injection into the myocardium of genes allowing 
myocytes to produce the enzyme adenylyl cyclase (AC),- apparently allowing the 
heart to beat stronger by stimulation of cAMP production, was beneficial in the 
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treatment of CHF, Sete Gao, M.. ret aj. , "Increas.ed Expression of : ; • ;^ . 
Adenylylcyclase type YI Proportionately Increases Betaradrehergic Receptor- 
stimulated Productioa of cAMP in> l^eonatal^Rat Cardiac Myocytes" , ' 
PNAS(USA), .95(3) :,1 038-43. Thus^ the? injection into the hearts of persons with 

5 CHF.or cardiornyopathy, injection of £in AGA,,\yhieh hasjtlie ability to create 
cells with the genes to express AG, as well as to produce new blood vessels, 
rnyocytes and nerve cells, enables their own.hearts to . produce therapeutic levels 
of AC and grow myocytes, blood .ve;ssels a^^^ as rieeded. The ' 

production of ^AG by the heart wouldrallow for immediate and localized 

10 stimulation of cAMP production that would be beneficial in stimulating stronger 
, heart action in patients suffering frqm CHF and cardiomyopathy.^ Likewise, 
injection of any A GA has the ability to create. cells with the, genes to express 
guanylyl cyclase to enhance gBMP. signalling^ relaxation, as 

well as to produce myocytes, etc. ' 

15 . , The injectipn .of an AGA into: the heart wall in the area of an 

infarct resulting from an earlier AMI jWpuld^: in addition to arigiogenesis 
providing increased blood flpwv repopu^^ infarct area widi myocytes and 

nerve cells created by differentiated stem cells, due to. "demand" cytokines 
expressed by. the heart tissue,: > ^ ; : - - ' 

20 - . Bone marrow can be; renioyed- under local anesA^ 

outpatient basis from a person^ hip or femi^: using conimerc 
devices, such as biopsy needles, aspiration needles or the like, such as described 
in U.S. Patent Nos. 4,314,565, 4,366,822, 4,481,946, 4,486,188 and others. 

, . To prepare a suspension of hone marrov/, in addition to a variety 

25 of other procedures kno\yn in the art:,rthe following steps are preferably taken 
promptly, after removal of a bone marrow aliquot from the body: (a) the bone 
marrow. is passed successively through one or more filters or screens of 
appropriate mesh size, from about 0.4 mm down to about 0.2 mm; (b) the 
filtered bone marrow is partially, liquified with a small amount of tissue culture 

30 media, preferably serum free;Xc) the filtered and liquified bone marrow is 
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centrifuged at a relatively low speed (about 200 Gs for approximately 10 
. . minutes): (d) any fat present i^ ffertdved by pipette or other suction means and 
the bu/fy cqat'is recovered (disearding the remaining red blood cells); and (e) 
■ thft recovered buffy coat is suspfended in 3 to lO or more parts of phosphate 
i .... buffered saline for each part bluffy coat. The produced suspensioA is stored 

at about 25°C if it is to, be used' within >^bout one hour. ' - •' 
• • , - ■ As^provided-abdVerthe isolated bone mi-ro<v suspension, i.e., 
recovered buffy coat, can -be". suspended in phosphate buffered saline. In one 
embodiment,.tIiis suspension is constituted by at least about one part by weight 
phosphate buffered.saline to one part by weight bone marrow (either bone 
. marrow alone or in combination v.ith-stem cell Preferably, tlie isolated bone 
' marrow composition is constituted by about three parts by weight phosphate 
buffered saline to. one. part by weight^ Bone marrow (albhe or in tdmbination 
with stem cells). . , ^ ■< • 

If the ,bone marrow^ is riot to^ be immediately injected, it is 
refrigerated and maintained at ^bOut J^-'C. If it is to be used more than twelve ^ 

hours after the suspension is: madsjca physiologically compatible^^ - 
can be optionally added to stabilize thg suspension. • . ' 

Pellets of bone marrow may be made by following steps (a), (b), 
and (c) as described above, promptly after which pellets, each having a volume 
of about 0.01 cc to about:0.5 corprefefably . each having a volume of about 0.05 
cc to about 0.2 cc may be formed of the AG A: itself or by adding a biologically 
compatible vehicle, -which optionaily iriay be solid at room temperadire and 
liquid :at body temperature, and stored at 25°C if to be used within about one 
25 . hour,. prat 4°G if .to be used after about oiie hour. 

A small amount of stem cells may be collected from the patient's 
peripheral blood stream by electrostatic charge, antibody adherence or other 
means as known in the. art. After separation from other blood components, the 
stem cells may be diluted and injected as described herem or used to enrich the 
30 bone marrow, bone marrow suspension or pellets. 
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, _ . . If the collection of ^stem ce;lls from the patient's peripheral blood 
can be affected several weeks or longer before the injection procedure, the 
.population ofrStem cells injthe patient's ;blopd; can; be increased by administering 
r ti:ansforming,grQw,th;factor.bem (:TGEl)),;;as described>in:.U.'S; Patent No. 
5 ..5^,426,098» or by grp\ying the stem cells in a tissue culture medium; by me^^ 
. ; knowjn.in the aitv with their growth being stimulated by the* addit^ TPD 
; . and/or. growth factors, particularly transforniing grov/th factor beta (TGFb) and 
others, such as^FGF and .YEGR if angio the-iritended effect, nerve 

. . growth factor (NGF); if nerye repair is the intended effect, etc. In addition to 
10 separating.stem cells in the peripheral blood stream by attra 

J. appropriate antibodies, stich.as various CDs (GD2, CUs^i CDs^. etc.) and other 
means known in the artv as de^^ Patent No\ 5 ;906;724, separation 

of stem, cells from blood may also be> accomplished electrostatically by using a 
chargerflow separation apparatus,, a^^ 
15 , , . : ; Stem cells, if injected into the bloodstream, often exit from the 
bloodstream into the marrow, where certain adhesion molecules that attract 
them.are present auid; the niicroehvironmeh^ However, if 

^propriate adhesion molecules, are not present^ to v^hich:stem cells must adhere 
in order to initiate a signal transduction pathway, the stem cells often die. 
20 Thus, even though stem cells are pftehiabout 10 niicrons or larger in diameter 
and Ipdge insmall arterioles and capiUaries, if the ^n^^ adhesion molecules 
are not present, they may not survive^ ; j ; ^= 1 ' :^ * 

. . , ; A number of adhesion molecules have been identified, including 

various vascular cell adhesion! molecules (VCAMs), endothelial leukocyte 
25 adhesion molecules (ELAMs), molecules involved in leukocyte a^^^ 

, (MILAs): and otherSi sijch as those described in U.S. Patents No. 5,186,931, 
5,272,263; ,5,367 ;056 and others. Since some of these can be cloned and 
produced using recombinant genetic engineering, the addition of appropriate 
adhesion molecules to extracted stem^ cells, bone marrow of ia bone marrow 
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suspension to enhance the stem cells attaching to the tissue in the injected area 
and migrating, therein. ::v^o j - . - ... 
.:- • '^^ AGA. su^^^^ 

- artei^ ; with tlie sttni cells lodgiiig in . small arteries and surviving therein. 
) . . , Particles.of;intercel!ulai- W.marrow material, contair.ing growth factors, • 
promoters, eniiancers, etc. , may likewise be infiised into a coronary artery after 
- being encapsulated in liposomes-by means known ir: die art, sueh as described 
: . .in U.S..Pater.t Nos. 4,089,801,.4,229,363, 5,017.359 and others. 

• . However, the liposomes' may uniquely be intentionally oversized, 
at least about 7 microns or more :in diameter, versus conventional 0.5 to 2 or 3 
■ micron diaraeter liposqmes, whiCh-are intended to pass thrbugh arterioles and 
..capillaries; By oversizing the liposomes ttf about 7 microns or hiorfe in 
.diameter, they will' not passithroughVei^'small artertoles and capillaries, and 
their contents,:when the liposome disintegrates, .will be discharged in the small 
: arserioles of the tissue, rather than passing through the capillaries into the 
general circulation. ■■- . ; < . . • . . . ; , 

' Such disintegration will first.occur at the surface of the liposome 
. . pn.which the blood pressure. is being exerted; To avoid micrbinfarcts . 

(blockages) in these vessels, sbrae or all oPthe liposomes rtay be designed to 
20 melt or disintegrate in abbutJ2a'minutes:br^^l^^^^ 

Inftision'of an. AGAgfipterceMular^ material or stem ■cells into an 
artery supplying another organ (kidney, liveT, pancreas, brain, etc.) or a tissue 
- ^ (skin, muscle, etc.) can'result..in.the.same.benent. Optionally, encasing them in 
liposomes will enhance the" beneficial effect.: / !■>. 

Human hematopoietic. stem cells. which: range from about 8.2 to 
8.7 microns in.diameter H-/-'L2 microns, when injected intb the heart wall or 
infiised.into a coronary artery; lodge in the arteries as they reduce in size or at a 
bifurcation., Other types of stem cells are even larger, and will lodge in larger 
vessels. If .^demand" cytokines are present, the stem cells will migrate to the 
area of need and differentiate into the needed cell types. If no local cytokines 
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are present, ,*ie . stem, cells die in about one rnonth. Incorporatingiadhesion 
. , inoleGules, as descri»)ed herein,: caQ;promp.t such migration ,and:differentiation. 

Encapsulating steiTV cells; in) liposomes; by means known in the 
, , art,, jncrea^e thC; diameter of the globulecto about. -1 Or 15 microns bPlarger. If 
5 they ai^^e infus,ed ,into. a coronary, artery or injected into, the heart muscle, they 
, \yill. lodge in larger y,essels, or, at ajbifurcation,, ;highfer up in thei vasculature, 
where they can be more effectively .employedi U.SuPatents Nol; 4,089,801, 
4,229,360,>4,235,871,and 5,01.7;i359 describe .methods, and. formulations for 
liposome encapsulation, t^ij/n j ' ' ^ ■ ' ' 

10 , o o ' enhance the adhesion of the liposomes to the tissue, arteries 
and capillaries, in the injected area, the jiposomes may be given a cationic 
^ . positive ( t ) charge, as ^described in ,U,S. Patent No. 5,676,954 aiid others. 
Commercial cationic liposome nriaterials include Lipofectin® cationic liposome 
reagents, manufaqtured. by Life Technologies, Iric,,.Grand Island, NY. 
15 A bone marrow suspension may include a thixotropic material, 

such as, microcrystalline cellulose and/or carboxymethyl cellulose sodium (such 
a^ manufactured by.fMQ Corporation lunder the trademark Avicel®), which 
causes a decrease in viscosity; of ;the.suspension while;pressure^i 
the injection process, thereby facilitating adniinistration viscons 
20 substance which returns to its original viscons state once deposited at the 
desired tissue site.: In addition to the iaboverhydrocolloids such as 
. polyy iny Ipyrrolidone are ^also suitable,^ in one preferred embodiment havuig a 
weight average molecular weight of no more than about 10,000 Dal tons. 

, ; In, one preferred embodiment; a pockef or channel suitable for 

25 receiving an AGA is formed by laser energy . The.device used for this purpose 
encompasses a single optical fiber or a bundle of optical fibers^ located within 
the lumen pf a first catheter, such that fluid communication is possible through 
the space between the fiber(s) and the inner lumen of the catheter. The distal 
end of this first catheter, maybe modified so as to be made suitable for 
30 mechanically puncturing tissue,, such as heart muscle or other tissue, by 
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attaching thereto a sharp plastic or^mfetal tip or short length of syringe needle 
: ' This attachn^ent may be mad^ by^fheans df-^a flanged coupling and suitable 
adhesive. .mechanical means'(eriiiipiryg)%r both. When fixabiy attaching the 
qatheter ta thefiber/needle asfeiAblyiat'thistdistai^^ t.he attachment is made 
5 suchrthat^nuidrcoMniG^tiohism^ta^^ 

: catheter-and out of the lumefl at or'hear the distal end of the metal or plastic tip 
; . or.needler ^The exit bay be through the bore^of the needle, out exit openings in 
■ . ■ the end of the metal or plastie^dp, b^ viaiside^ports in the distal end of the 
needle or tip. This first catheter, containing one or more optical fibers within 
10 , , . the lumen,.may also be suitably used^in conjuncfidri with an appropriate outer 
catheter for manipulationvand-osetin an open •chest or minimally iiivasive 
endoscopic-procedure-througha:,ytineture betw^^^^^ with a thoracoscope 

: ..for visualization; as.well as in-a p^^^^^^ for^xample. inserted 

into the femoralrarteiy in the groin through- a guiding catheter into the left 
15 '''entricleor other heart chamber;-^ V/..: ., : 

• Thus in a particular -aspeet ofthepresent invention, the device 
. encompasses a distal end heedle/tip-optical fiber construct which provides for 
.... fluid^eommunication through openings in the needle tip to the lumen of a first 
catheter, whil^. allowing for a fij^ed .attachment of the-distal end of an optical 
20 fiber, or bundle of fibers withinisaiditip. .. p . . . 

• ... Implementation ofthe.iJrocedures of the presem Iriventidn by the 
. operation of certain exemplary device embodiments suitable for practicing the 
method of ;the- invention.jsLfijrther described^below; ' . ^ i v.. ... 

■ . As described in commonly owed U.S.- Patent Application No. 
09/307,512, andrincorporated herein by reference,, the distal end of an optical 
fiber, whose distal end=is encased in a short length.-of syringe needle and whose 
proxamal end is optically coupled to a source of laser energy, is- contained 
withm an inner catheter in fluid communieatidh with the space between the 
optical fiber and the attached needle.. The fiber/needle/inner catheter may also 
be movably disposed within a flexible outer catheter, terminating in a 
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handpiece, from .wbiQh a me^l cannula extends. The distal end of the metal 
cannula is placed against the outer .surface, pf, the heart, organ, or tissue, for 
example, the epicardium of the heart in.an .ppen,chest or endpscopie-prb^ 
The distal end .of the rne^al cannula icap optional 
5 . flange,tp.enable the device. to. be pressed against the heart to counter the recoil 
force of insertion of the.fiber/needle intp ithe heart wall. When ,applied;against 
.the outer .surface of the. heart..(epicardium),, .the fiber/needle is mechanically 
advanced, through, the metal cannula a^ first predetermined distance into the heart 
wall without emitting l^er energy ..The; fiber/needle advances a second, 
10 predetermined distance into but not entirely through, the heart muscle while 
emitting laser epergy.iCreatmg.a pocket within the tissue or heart muscle. As 
, , .the needle is being withdra\yn the.secpnd predetermined distar.ee, an AGA is 
injected into the pocket, after which the needle withdraws the first selected 
distance :Out of the.tissue. The AGA.is^ trapped in and remains substantially 
1 5 within the pocket, immediately after administration. . ^ ' 

In a percutaneous procedure, in which the flexible outer catheter 
. is advanced through :the,vasculatur;e and the aort^^ valve through a guiding 
catheter, as known.in the art, the distal endof the outer catheterjs positioned 
against the inner or endocardial surface, of a heart.,. The fiber/needle is then 
20 mechanically advanced a.first predetennined distance from the outer catheter 
into the heart wall without emitting laser energy . The fiber/needle advances a 
second predetermined distance into,: but not entirely through the heart wall 
while emitting laser energy, creating a pocket in the myocardiuih. .Injection of 
an AQA occursjas the fiber/needle, withdraws the second selected distance, and 
25 . the fiber/needle then withdraws ,the first selected distance from the heart wall. 
The AGA. substantially remains. trapped within the pocket in the heart wall. 

Jn a further preferred embodiment, the method of the invention is 
practiced on a beating heart with synchronization of the movement of the 
fiber/needle/inner catheter being timed to begin at a selected time after die "r" 
30 wave of the,p.atient's electrpcardiogram.(ECG) and to conclude within diastole. 
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wheh the heart's electrical Mivity ii^rniiiimal and the ri^k of ai, arrhythmia is 
leasts M both of the aforementioHe^^^ 
- - : distances and operation of the d^^^^^^^ be Wd by the surgeon by pressing a 
■button; or armed by abuWnt of ^ffie figedle/nber tip to the surface of the heart. 
"•' ' ' Acfivatidriof -the de^fccfocciirs a selected time afterthe "r" wave 
' vof the patient's EGG'is sensed by^ which c:auses a 

■•• stepper motor mfechahism tb pahiyiy^ fiber/rteedle mechanicaJiy a 

' first selected distance,-withdut ern?t?ihg laser energy /eri^bles I'aser energy to be 

transmuted through thfe optical fiber while advancing the fiber/needle a second 
. selected distancerceases me transmission of laser ener 

fiber. mjects a selected amount of an<AGA as the fiber/ndedle is being partially 
withdrawn, ceases the injection of 'an 'AGA^ahd completes the wi thdrawal of the 
fiber/needle from the heart'waJlv ' i ' : ■ : -. .= 

If the heart is Arrested, the device can be activated by pressing a 
button or by abutment of the^device against 'the heart, depressing a lever or 

.actuator.^ ^-z ; " • j y- -^t/M^^r - - • . - ^ - 

The various feahirds Wd e^^^^ 
are further illustrated by the descripfidri of d.e. preferred embodiments below. 

• •<>ne.example ofa device 10 suitable for practice^^^ 
embodiment of t-iff invention isMllustratfed-'in FIGURE 1. The' device 10 
iiicludesia flexible-outer catheteM2^f6r.insertiori.mto t^^ 
handpiece 14, containing an activatibn button 16, placed about 20 t6 90 cm 
froih its distal end 18 of the catheter 12. A mechanism and wires 20 to 
articulate the distal end 18 of the flexible outer catheter 12 are attached to the 
outer catheter 12 about 40 to lOC cm from the distal end 18. Outer catheter 12 
and encloses a moveable optical fiber/needle assembly encased in ah inner 
catheter42(generally.referredtoas^^^^^ 

As seen in FIGURE 1 (and FIGURE 7A) a microprocessor 
controller.24 monitors the patient's ECG which is displayed on a monitor 90. 
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and, at the times in the cardiac cycle: selected b^^ 

,-advancement/withdrawal mechanism; 84- to move the inner catheter/optical 
fiber/needle assembly 22, fires the.laser,26, ceases firing the lasef 26, signals 
; , the liquid injeetor.mechanism 28 to; iiiject- liquid' 30 as the inner catheter/optical 
5 fiber/needle assembly 22 is being withdfawn and completes the withdrawal of 
the inner catheter/optical fiber/needle assembly 22. ^ ' 

. , . . ; Optionally asi shown in FIGURE 2A , instead of a short length of 
syringe needle 32, a metal.tip or cap36; which contains a leris'38 to expand the 
beam and one or more: fluid ports 40, could be attached by cfiiriping tb the 
10 distal end of the optical fibfer 34 together compressing the inner - - 

catheter/fiber/tip/lens,assembly:41Jn fluid conimunication with a syringe 152. 

, As seen in FIGUREaB,- the lens 38 is contained in a metal tip 

36, crimped to the optical fiber 34, with a fluid communication channel 44 
between the lumen 46 of the metil tip 36 and optical fiber 34, with one or more 
15 : exit parts 40 defined in metal tip 36- The inner catheter/optical fiber/metal 
up/lens assembly 41 of FIGURE 2B^is described in U.S. Patent 4,773,413 to 
Hussein et al. , and incorporated. herein by.reference. The lens 38 diverges the 
beam to make a- channel of pocket of a larger diameter than that of the optical 
.fiber.34. , , ■- ^^V' .-.■\--r':-.r..-y '■^>.i 

20 ; ; As seen' in FIGURE; 20, !the needle 32 is crimped to the optical 

■ fiber 34 at, in one preferred embodiment, '3 and 9 o'clock, and the resulting 
elliptical shape provides for fluid channels 44 at 6 and' 12 o'clock. 
As seen in HGURE 3v the outer catheter^ 1^ 
. channels, in addition to a central channel 48 tlirough which the inner 
25 catheter/optical fiber/needle assembly 22 may be advanced and withdrawn. At 

least one channel contains k deflecting wire 50 for manipulating the distal end 
.18 of the outer catheter 12. Additional channels in outer catheter 12 may 
optionally contain a second deflecting wire (not shown) to enable the device 10 
. to be articulate in the opposite direction, fixation or anchoring wires 52, wires 
30 54 operably associated. with an ultrasbund transducer 57, enabling tiie operator 
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to determine the.thiekness of the heart .wall at the point of the distal end 18 of 
;. .the outer catheter's .12 contact withrthe .heart 70, and wires 50 to a strain gauge 
: - :^:j or^other .contact' indicating m6ans:<not.^^^ / . • ; 

. .; • ......r-! ■ i I^ PIGWI^ 4v Jhe.drstalrblunt€nd iS of thfe oute n is 

5 : .positioned against the inner surfacfe of the. heart wall (endocardium) 58 or other 

tissue. / . ; 

> : - ...... - In FIGURE 5,. ^fter mechanical insertion of the inner 

^^cath«e,./fiber/needle assembly 22.into the endocardium 58 without lasing, and 

. advancement into, the myocardium 60 while emitting laser energy creating a 
10 pocket 62, arfluid 30, in one preferred embodinient a therapeutic fluid 64, is 

. injected as.the^inner catheteryffibein/needleissembly;22 is being Withdrawn from 
= the pocket.62. .'The. inner catheter/fiber/neecHe assembly 22 is then withdrawn 
. from the endocardium 58c .• •>;;: / ■ >■ ; , .., 

• . ^ Therpreferredimethod ofithe present invention, in an open chest, 
15 , endoscopic or percutaneous procedure, with the physician hav^g determined ' 
the thickness of the heart wall at varibiis^levels by ultrasound prior to the 
procedure as is known in ihe arty calls for the partial insertion of the inner 
catheter/fiber/needle assembly,22 25%.to' 40% .of the thickness of the heart wall - 
by mechanical energy. The imier catheter/fiber/needle assembly 22 may be 
20 small in diameter, 14--gauge,ta.22. gauge, preferably 16 to 20 gauge, thus 

creating a small puncturcwouhd which wimeasily clot or otherwise close. As 
the inner catheter/fiber/needJe assemhly =22 ,is :advanced another 25% to 40% of 
^ the heart wall thickness, lasen energy is emitted to create a pocket 62 within the 
heart .wall.,As the; fiber/needle:assembly 22 withdraws -the second ^4% to 40% 
25 of dieheart wall.thicknessi injecti6n:of a therapeutic liquid (AGA) 64,. into the 
pocket 62 is effected; . While the injection of fluid: 30 preferably occurs during 
the withdrawal of the inner catheter/fiber/needle assembly 22'. Jt can occur with 
• the inner catheter/fiber/needle assembly 22 while it is momentarily stationary 
within the pocket 62. Injection of fluid 30 is preferably via the space between 
the needle 32.and the optical fiber. 34 by way of the imier catheter 42. which is 



30 



JNSCXXID: <WO_0120999A1.L> 



. VyO «1/205|?9 ' PCT/lJSOO/26232 

. -1 .. -SQ- 
.in, fluid communication with the tip'of . the-. needle 32.- The fluid' 30 may enter the 
inner. channel via a tube, from an . extern^ fluid source: - The device 10 then 
withdraws 25% , to ,40% of the, first distance out Of the heart Wsfll. - ^ 

. .FIGURE 6A, is -a drawing; ijlustrating the. resultant pocket 62 and 
5 needle puncture 66 formed in. the mypcardium 60 cdhtainihg tlie therapeutic 

liquid (AGA)> 62, after percutanepvis-tteatinerit from the inside or endocardium 
.68 of the heart 70 wall. Th<e; tissue •effect of performing the procedure from the 
outside or epicardium 58 of the heart*>-'through .an openiiigiin the fchest'Of a 
puncture between the Tibs .(not shown), lis similar to that'dohe pfercutaheously, 
10 however the wound is oriented ;in;the opposite direction, originating from 

outside the heart 70.; Because of ihe nfeedtei32 leaves only a needle puncture 66 
, in the epicardium,68, which .quickly clots or seals, bleedmg is mliniirial; 
FIGyRE,6B illustrates die resultant- pocket 62 formed in the myocardium 60 
containing , the fluid ( AG A). 64 j-; when formedfrom. the epicardium 68 in an open 

15 chest or endoscopic procedure.-' . I; > < ■ - - 

; , As . seen in.HGUREu7Av ah embodiment iof ah appar^ 
illustrated for performing , the .treatment- from the epicardium 1068; during an 
open chest operaUon or through a puncliire between the ribs, with an endoscope 
(thoracoscope) through a s^ond puncture for visualization (not shown), to 

20 , produce .the pocket -1062 containing the .fluid:(AGA) 1064 se^n in FIGURE 6B. 

Where appropriate, ;the last .two digits in the 1000 series of nunierals depicted in 
FIGURES. 7A-7F are conneeted to elements which have the same' function 
and/or structure as those described .with regard td FIGURES 1-6. - 

The distal end. 1018 of the cannula 1074 attached to an handpiece 

25 1014. is pressed against the epicardium 1068 of the heart 1070 (for example the 
left ventricle) or other tissue by the surgeon. ^By manually activating the 
activation .button.1016, the inner catheter/fiber/needle assembly 1022 is first 
mechanically inserted 25!% to,40% of the heart wall thickness into the heart 
muscle . Laser energy is emitted as the. inner catheter/optical fiber/heedle 1022 

30 advances a second 25%:to 40%.of the thickness of the heart wall. The emission 
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of laser energy ceases and, as the needle 103213 withdrawn the second 25 % to 
40% of the thickness of the heart wall,, a" therapeutic fluid (AGA) 1 064 is 
injected into th.pock«^ 1062 created:by..th.- laier energy in the heart wall as 
shown in FIGURE.7B.oTha-inner cathe:er/fiber/needie assembly 1022 ,s U,en 
. withdi:awn,therfirst25%t64^^ , . - , 

... i-^ i'^ 7B, a metal cannula ld74'is pres 

against the epica.dium.1068. C^ala^ flange. 1072 prevents the devic^ 1010 
from,p,,™atur.ely..puncturing. the hean. wall in sin^iiar- fashion to the operation of 
the rnner catheterv^fiber/needle.. assembly l(^2.of a percutaneous device, the 
flexible, directable outer catheter.l Oia. bont^ing the ^moveable inner 
catheter/fiber/needle assembly- a022;v4s positioned bh the endocardium 1058 of 
the heart. 1070, the inner c^theter/fib6ryneedte a^s6ihbly 1022 is inserted a first 
25% to 40% of the- thickness of the h^waM into the endocardium 1058, 
without lasing. L.5ing commences a^ thoinner cathker/fiber/needle ^sembly 
1022 advances a second 25% to 40% of the hear;t wall.- Lasing ceases and a 
liquid .(AGA),1064 is, injected as. the fibfer/needfe assembly 1022 withdraws the 
secpn,d,25% ,to 40% of the heart wall- into the Ja^r^created pocket 1062 within 
.the heart wall. The fiber/needle 1022 is Aen'.withdrawn in the firkt 25% to 
40% .of the heart wall, .out of the endocardiiim 1058. - : . - . : 

I''^ both casesronce the ihner;catheter/f,berte^ 1022 
assenibly isxompletely.withdrawn from'the heart 1070,' the needle puncture 
1066 will either dot or seal to retain the injected fluid (AGA) 1064 inside the 
pocket 1062; formedin the heart^musGle wall. : : v 

The procedures of the invention^can te aecbrriplished on a 
beating heart, 1070, synchronized , with tlie heart .beat-preferabiy bccUrring a 
predetennined period of time after. the «r- wave of the patient's .EGG, during 
diastole. Having earlier, estimated the heart wall, thickness m the area to be 
treated by ultrasound and having, examined the patient^s EGG pattern " the 
operator inputs the proper delay time from the "r" wave of the patient's EGG 
into a microprocessor (in one preferred embodiment microprocessor/controller 
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: , a 024) v/ith . the distances and durations of eac^^ ' • ' 

advancement/xyithdrawal mechanism:il084,>?laser energy control system and 
liquid injection mechanism 28. Activation of the device 1010 tan be-manual, or 
,,, .autqmatically^triggered by pressingmdevice 1010 against the heart wall, 
5 , depressing .an actuator, to effect .insertion; lasing, cease iasingi injection and 
. . ..withdrawal, all within the course ofidiastole,' through the surfa;c£ of the heart 

1070 ' As with the percutaneous apparatus and treatment.vthe preferred timing 
. / of treatment is shown in FIGURE 8;.' rf> n o r; : i iy;. * i^;'^ 

, ' ,:Ifused in an endoscopic procedure;.a flange 10r/2.on a metal 
10 ,,cannu!a.l074 should be.approximately 4 to. 8 mm^in diameter, preferably about 
5. to 7.mrn, enabling it to be inserted through a small bore trocar- puncture 

. , between the. patient's' ribs. : .. r, o.it ' 

, The apparatus foriperforming the procedure on an' arrested heart 

during coronary bypass surgery br;«tKef ©pen chest procedure is. similar to that 
15 described above, except activation, of the device is by pressing" a button 1016 on 
; , , a handpiece 1014, or by an actuator lever being depressed when the distal end 
of the metal cannula is pressed against the heart wall. 

. , ; For, an epicardial device, it is preferred that the needle 1032 or 

tip 1036 (either metal or plastic) be^a l4-rgauge to 22-gauge sizerpreferably 16 
20 V to 20 gauge, with a single 300 to 1000 micron diainteter optical fiber 1034, or a 
bundle of 50 to 100 micron core diameter;optical fibers therewithini Typically, 
a 14 to 16 gauge needle 1032 or tip 1036 will have a 1000 micron core diameter 
or smaller optical fiber 1034 therewithin; ahd a 16 or 18-gauge needle 1032 or 
tip 1034:Will;have a 500 to 600 micron core diameter br smialler optical fiber 
25 1034.there within. For: an endocardial device, the needle/tip caii be 16 to 22 

gauge, preferably 18 to 20 gauge; with 500 to 600=or 365 micron core diameter 
> optical fiber 1034, br a bundle of . 25- to 100 micron^ core diameter bptieal fibers 

therewithjnvi " • • 'S--'" -- ' 

In FIGURE 7C, in an open chest or endoscopic procedure, the 
30 flange 1072 of the metal cannula 1074 is pressed against the epicardial surface 
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1068 of the heart 1070 and the !inner catheter/f,ber/needJe assembly 1022 is 
mechanically advanced a first ^distknce, 25% to 40% of the way iiito the heart 
. V, wall, without lasing. r -i^' o iv^vi - . < . . 

'-^ v. As seen in FIGURE17©, the inner caJieter/fiber/needle assembly 
. . .. 1022 is then advanced, , while laser energycis being emitted, a second distance 
• ■ equal to the remaining .thickness- of :the heart wall plus a third selected distance, 
about 1 mm to 6 mm, preferably 3rto:^ mm. into the chamber 1076 to assure a 
complete channel 1078 has been made (in case the physician^s estimate of the 
^ heart waU is in error by a- him or two). Lasing may-then cease, or it may 

optionally continue until theSiianer tiatheter/fiber/needle assembly 10 has been 
. withdrawn the thirdiseleeted distMce and.not more than one-half the second 

selected distance, at which point the transmission oMaserienergy into the optical 
■ fiber 1034 ceases and the itojection ofia,: liquid (AGA) 1064 occurs as the inner 
. catheter/fiber/needle assembly J 022 <isTbeing. withdrawn the remaining portion 
of the second selected distance- .The imaer catheter/fiber/needle assembly 1022 
is then withdrawn the first^seleoted^distanee from the heart WalMnto the outer 
catheter 1012. ... . , . = : . . . . •. 

' . ' .-M FIGURE 7E'illustrates'the resuJtant.channel 1078 in the -•• 

endocardium .1058.irito the, iieart chamber 1076, enabling blood.from the 
. chamber 1076 to perftiseithe Jaeart Muscle: : In EIGURE.7E, lasing ceased after 
the inner catheter/fibef/rieedle.assembly 1022 advanced the third, selected 
distance into the heart wall.:,; . o ... : r,: i .. ; ; ; • . ^ - .■ . • 

Assho«fninJ?IGURE7F,inwhichlasing.continuedastheinner 
catheter/fiber/needie assembly . 1022 was withdrawn.the.third selected dist^^^ 
and approximately 50% of th^ second selected distance, at which point laser 
transmission ceased.. The wider chahneM078, in the endocardium 1058, 
resulting from the double lasing in that.area,. is less likely to close, enabling 
blood from the chamber 1076 to perlbse the heart wall for a longer period of 
time. , . 
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Also, increased cell wall permeability resulting from the acoustic 
shock wave, produced by, pulsed, laser; energy , enables.the active constitjents of 
the liquid (AGA), I0(S4 to,pe,neti;ate.tbe tissues?npr,e readily. ■ u : ■ • 
Likewise, a channel IQ78. from the heart^^^ 
5 myocardium 1060, and a liquid (AGA) 1064; deposited therein may be created iii 
a percutaneous, procedure. As shown in .FIGURE, 7G, the distal^end 1018 of the 
outer catheter,! 012 of FIGU,RE;2A is positioned against the endocardium 1058 
and laser ^nergy .is.emitted as the inner .catheter/fiber/needle. assembly .1022 is 
advanced a first distance, appr;aximately-6p% to 80% of the ultrasound 
10 estimated thickness of the heart wall, at which point transmission of laser 
energy ceases, and the injection.of a liquid (AGA) 1064 occurs- as the. inner 
. catheter/fiber/needle assembly 1022 is^being, withdrawn from the heart wall into 
the outer cadieter 1012. FIGURE ip.illustrates the resultant channel and the 
liquid (AGA) 1064 deposited therein. . ; - O ^ : •> 
15 ^ If laser energy,:is allpw,ed toiContinue as the inner ■ 

catlieter/fiber/needle assembly 1022 is withdrawn, not more than one-half of the 
first selojted distance back, into the piiter, .catheter 1012, as shown in FIGURE 
71, a wider channel 1078 (inner portion, 1080), in the myocardium 1060 is 
created, due to, the double, lasing m thararea^and is better able to retain the 
20 fluid 1064,, while still, allowing blood from the chamber 1076 to perfuse, the 
heart muscle. ,, - . ■ 

, The channels 1078 are, typically, made about l.em apart; as 
angipgenesis has been shown to extend approxiniately. 0;5 cm from each channel 
1078. In addition to either creating all pockets 1062 or channels 1078 in the 
25 heart wall , ajternating staggered rows, of channels 1 078 with the needle 

punctures 1066 and pockets 1062ras shown, in FIGURE 7H; may be made to 
obtain the. benefits of both better trapping of the liquid (AGA) 1064 in the 
pockets 1062, and inflow of bloo4 from-the chamber 1.076 into die heart muscle. 
Timine of. Administration . - ';' ■ • ' . "> f 

30 Beating Heart 
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Referring to FIGURE 8, when the methods of the present 
: invention are used to treat a Ueating^heart 70Vassummg a beating heart rate of 
60 beats per minute, it is ^desired Biattheabdve procedures iake only about 0.2 
■■■■ - to 0:6 seconds; preferdblV 0>3 tof 0V5 seconds, froih the" time the inner 
• cath^rer/fibfer/needle assembfy'22 bfegihs to extend into'the heart wall, the 
V .pocket 62 o^ channel 78 is^fdrmed.Whqaid (AGA) 64 ^is administered, and the 
- inner catheter/fiber/heedle assembly 22 is fully retracted out of the heart wall If 
the heart rate is higher than 60 beatS per minute, "the above tiines would be 
proportionally shorter; The above procedure may be condudted over a longer 
penod of time in ah arrested or slowed heart 70, fbr exainple, during coronary 
' bypassgraftsurgery, or in ^ beating heart over a period^o^ beats, if 

desired, albeit with a greater- riskiof^ intractable arf^^^^^ 
< -example,, when a lower powered la^ef 26 is to be .ised, which cannot make a 
channel 78 or pocket 62 in 100 to 300 msec, or if the use'of a drug to lower the 
heart rate is contraindicated. -Ininy case,^ adv^cihg the device 10 mechanically 
at a selected rate of speed' at ^ desired energy leV^ ^^^^^ . 

pockets. 62 to be made with a uftiforim dian-^eter arid depth of coagulation zone 
surrounding the chamiel 78 or pocket 62; ■ ' ' . . . . . , 

It shoiild be noted N^ith regard to all of the embodiments depicted 
above that thie laser 26 can b^^activated by a fobt-pedal 82, fingerlbutton 16, 
activator rod or by a control unit's 24 sensing the "r " wave of the patient's ECG 
and supplying an activation signal to thela^er 26 or a moVable mirror which 
will divert or enable-laser energy to enter into the bptical fiber 34. Likewise 
■ the mbvement^of ti.e arm 86 of the advaiKement mechanism 86 can be activated 
by a foot-pedal 82, : finger^buttbn 16. activator r«d or a control system 24 which 
senses the "r" wave of the patient's ECG. • ^ . - 

it is preferred that a control unit 24 moriitbr the heart 70 by a 
conventional ECG sensing means operably connected to an ECG device 88 to 
control the operation of the device 10 by using a signal: recognition and timing 
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. , , , procedure similar to that disclosed by U.S. Patent- No. 4,788,975, issued to 
Shturman et al., and incorporated herein by reference. ; .iif; . 

.,, Preferably, the .device >10;enterS(the:heai:t wall without lasing, 
. forms a pocket 62 within.the hear^wall pra^channel 78-intOvthe heart'achambe 
5 ,76 by emission of laser energy, injepts a therapeutic liquid composition (AGA) 
64 and withdraws from the heart wall during diastole, resulting in the pocket 62 
shown in FIGURES 6A and 6B. : It is. desired, that the control unit 24 determine 
\yhen to begin to form the pocket 62 or channel 78 in the heart 70.by • 
interposing an appropriate dejay time from^the'"r" wave; of the patient's ECG, 
10 ,. . taking care to avoid activation of the deviee 10 during the "t" or "p" wave of 
the patient's ECG, or in the event of; a:premature ventricular contraction or any 
other unusual variation in heart rhythm , (arrhythmia). .. . 

, Forming the pocket 62,or .channel 78 and depositing the liquid 

composition (AGA) 64 when the heart 7Q is in diastole is preferred because, at 
15 that moment, the electrical activity. of,the heart 70 is least. affected by the trauma 
of the entry of the needle 32 and the emission of laser energy,. reducing the risk 
of an intractable arrhythpiia. .. Also, the heart chamber 76 is full of blood and 
, the heart wall is at its thinnest. . ! ;>;i b^^ ' 

, . . : . Shown in FIGURE 8 is the timing of an open chest, endoscopic 
20: . or percutaneous "pocket making'r procedure; Tl is the time' delay from the" r" 
wave of the patient's EGG to the inception of movement of the inner 
rcatheter/fiber/needle assembly 22 into the heart wall from either the epicardial 
, or endocardial surface. Tl should extend from the "r? wave to the trailing edge 

-of the." t" wave-:.:.--: ' : 

25 - T2 is the time during which the inner catheter/fiber/heedle 

assembly 22 is mechanically advanced without lasing the first selected distance 
into the. heart wall;;approximately 50 to 1(K) milliseconds: 

, , ; T3 is the time during which laser energy is emitted as the inner 
catheter/fiber/needle assembly 22 is advanced the second selected distance into 
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the heart wall and momentarily: stops (laser energy ceases)..appr6ximately 50 to 
100 milliseconds. ■ - 

T4 is the timeiduriiig-Avhieh, as the inner batheter/fiber/needle 
' .=assembJy22 ^Vithdraws the second.:selected distance from the heart wall a 

• t^^^^^^ injected, approximately 50 io 100 

milliseconds.'. ; ■ ;. . . •. 

' '^^'^^^ "'"e during which the inner cathete^^^^ 
assembly 22 withdraws the .first-selecteddistance from the heart wall, without 
lasing,.approximately 50 to lOO'milliSeeoBds. . ... 

In a preferred embodiment, the patient's ECG is displayed on a 
• monitor 90 operably associated tyith the coritMl «nit 24, and a- single heart cycle 
can be displayed thereon. The operator can- move Bar M by touching a left or 

• right icon on a* touch screen or similar device to set the delay time of Bar lin 

• relation to the . displayed "r" wave of the ECG: Similarly;, the, operator can 
move and set Bai 2 by tbuching a left or right icon oh a touchscreen or similar 

• device, setting the total procedure.-tin>.e, T6.. Bar' 1 should not extend into d.e 
"t" wave' and Bar 2 should riot extend into the "p" waVe. . . 

When Bar 1 and Bar 2 have been properly positioned on the 
. patient's ECG, the^control unit 24 senses the -r" waves; computes the "r" to "r" 
heart rate; takes into account the numbers the operator ha. input for the desired 
distance of penetration into the heart wall without lasing and die distance of 
penetration:into the heart wall with lasirig, and instructs the stepper motor of the 
fiber advancement withdfawal.mechanism«4 to commence its- advancement and 
withdrawal at the proper time at a rate of speed necessary to complete the total 
travel distance in and out in T6, -the tirne period selected By positioning Bars 1 
and 2. In addition,, at the proper time, the control unit 24 also signals a shutter 
mechanism in the control unit 24 or, alternatively, in the-'laser 26, to open and 
close at the beginning and end of T2. and the control unit 24 signals the stepper 
motor of the liquid injection mechanism 28 (or in one preferred embodiment, a 
syringe mjection mechanism 92) to inject die AGA during T4. 
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Alternatively T! , '2; '3, 4, 5'and 6 can be displayed humerically, 
and Bars 1 and 2, Ti; 2, 3, 4, 5 and 6' Gan bfe dispkyed graphica^^^^^ 
distinctive bars or, stripes on the display/mbnitor 90; ' 

: • If a chanhel 78 is to'bfe'made'throug^ 
5 -heart chamber 76 from the epicardiufn 68 ih^ an dpeh chest or endoscopic 
procedure, Tl remains the^ time from the '*r"''wave t6 the inception of the 
procedure. . T2 iS: the time from the inception of the; prociedure through the inner 
. . catheter/fiber/needle assembly 22>pehetratibri of the first selebteil distance into 
, the epicardium 68, without lasing,'abOut 50 to 100 milliseconds, fs is the 
10 time,, with emission of laser energyV frdrii T2 until the inner 

catheter/fiber/needle . assembly 22 has traiv6f sed the second selected distance 
through the remainder of the heart'walt'ahci ha^ passed' into the heart chamber 
. . 76 the third desired distance, 'about: 100 t5 150 rnillisecbhds. T4 is the time, 
with lasing, during which theunrier'catheter/fiber/needle asseriibly 22 
15 withdraws, for example, T3 plus onfe-half of T4- about 75 to 125 milliseconds. 
T5 is the time during which a liquid (AG A?) 64 is irijecte;d as the inner 
catheter/fiber/needle asisembly 22 withdraws the second one-half of T4, about 
50 to 75 milliseconds, and T6 is M^time the inner cadieter/fiber/needle 
assembly 22 exits the heart wall, about; 50 to 100 milliseconds. T7 is the entire 
20 time of the procedure. If no laser'eilergy is to be emitted during the first two 
withdrawal steps (equal to T3), T4 and 15 afd aidded together. 

, If a channel 78 is to He created from the heart'chambe'r 76 into 
the myocardium 60 through the endotardium 58 in a percutaneous procedure, 
XX is the time from the " r " wave 'to the iiiceptioh-of the procedure. t2 is the 
25 time the inner catheter/fiber/needle assembly 22 advances, witH lasing, the first 
selected distance into the heart wall, 150 to 200 nrtilliseconds; T3 is the time, 
with lasmg, that the.inner catheter/fiber/needle assembly 22 withdraws one-half 
of the first selected distance (to create a larger diameter space in the 
myocardium 60 by double lasing) about 75 to 100 milliseconds. T4 is the time, 
30 without lasing, that the therapeutic liquid (AGA) 64 is injected as die inner 
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.. catheter/fiber/needle assembl-y 22. withdraws: die remaining one-half of die first 
selected :dist3nce and into^the-puteitcadieter 12, about 75 to 100 milliseconds. 
T5 is die endre tim?,.of the, procedure. If no Jasing is selected during die 
\yithdrawal.of die .ipner catheter/nber/needle 22. ,T3 andT4 are additive. 
* , .In 9. procedure where die heart has been.arrested.^die device 10 

may.be.used widi a,Holmium:YAG„Excimer, CO^ or othei: laser 26 
. . co^trpllably emitting, laser .energy, prefer ably pulsed laseFenergy of a 

wavelength WgWy al?sorbed:ij^.wa|ej..or'proteifl, which^creates a-steam or gas 
, bubble, whose cpllapse produces an. acoustic shock wave which travels into die 
tissue, causing die. release of.endogenous growdi factors. . which causes 
angiogenesis tp .occur, as av^I, as. possible increasing ceil wall permeability. 
However, CO^ lasers cannot be,us^^ in endoscopic procedures or 
percutaneous procedures, and e.xcimer.,lasers.are of limited power and generally 
take 5 or more seconds to make a 4-5 .mm.pocket 62 in.the heart wall (10-15 
seconds for a channel), In a procedure.where die heart 70 is beating, fiber- 
optically deliverable laser ener,gy-from.a.laser 26 generating a greater amount of 
energy, such as a HplmiumrVAG laser.-iMesired. y^ . - . 

r. - .Before use,,die. lase^^ 

energy.. The laser 26 is enable^^a.generate Jaser ehergy by depressing a foot- 
ped^ 82 or. die like. Activation., insertion, }asing, injection and wididrawal are 
not critically.hnked to any specific. timing ynth the heart 70 arrested. However, 
it is preferred to perform each procedure in die same period of time at die same 
energy level to assiire uniformity of the pockets 62 or channels 78, and widiin 
about 0.6 seconds to minimize die coagulation zone, as. well as to minimize die 
25 time during which the heart 70 is arrested.- - . . • .. . 

As known by diose skilled in die art, conventional. Holmium 
lasers .have a Vamp-up-' time of up to 1 second or longenfrom-A^^ 
medium is stimulated to produce laser energy until die time when laser energy 
is actually provided. . Since it is desired diat die device 10 be used widi any 
conventional Hobnium laser during surgery, an optical fiber 34 can convey 
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laser energy, from a laser 26 into a.cQritroUer. m one ernbodiment controller 24, 

which contains an optical coupler and; a. separate shutter ^^^m^ 

actuator (in one preferred embodiment a foot-pedal;^2),of.^^^ 

depressed and l^er energy- is transrnitte^^^ in the controller. 

5 When the inner c atheter /fiber/needle asse^^ 22 has, advanced, to, the point 

where the emission of laser energy js desirpd to create^ the ^pocket 62 or channel 
78, the shutter in the controller opens, s a^^ laser energy is transmitted through 
^, the inner catheter/fibef/needlf , aissemW^^ .22, , Alternatively , ,the laser energy can 
be. diverted mtq a heat sink by, a rnirr9r. and, ;When emisisipn of laser energy is 

10 desired, the diverting nrdrrpr can beam path. ^ 

Alternatively the con^^^ 
wires to the laser's CPU (computer processing unit) or the exit shutter 
mechanism of the l^er 26, takingjpye^^ of opening the exit 

shutter of the laser 26 when the fpqt-pedal 32 is depressed, the final shutter 

15 remains ;Closed and laser energy is emitted into it When the controller 24 sends 
a signal .to, the laser 26 and, the e^ii shutter^ opens, laser energy is emitted into 
the optical fiber 34, and the shutter.clpses at the desired moment T^^ 
however, requires wiring the laser 26, and it niay not be practical »to wire all 
, , types of lasers 26 Jn the market ^ and their jwarranty may be invalidated by doing 

If laser energy is emitted by a Holmium laser at about3 Joules 
per pulse at a repetition rate of about .26 Hertz, for ^about a 100 millisecond 
. lasing period, ^proximately l/lO pf 26 or approximately 3 pulses (9. Joules) 
. would be emitted, sufficient to make a channel 78 or pocket 62 approximately 1 
25 mm in diameter and about Z to !4.mrn in length. ): It sho:uld be noted that,, the 
ypid depends on the size and type of organ pr tissue to. be treated. - Since 
Holmium laser pulsed energy will create lateiial fractures or fissures in the 
tissue, a.void greater.than the above describedl channel 78 or pocket 62 results. 
Since only^about .02 cc to 1,5 cc, but, preferably about .03 cc to about 1.2 cc. 
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df a liquid (AGA) 64 is injecied, the space and fissures created would be 
adequate to hold this volume W mikture. ■ ' ■ ^ 

Ultrasound Guidancfi 'i'" ' ' - . i. , . • 

• ; . : . , ; •In-all'-df -theliisclbWaeVicbs foF practicing the Various ' 

i . embodinients of the iftV^nti6nV 'ultrasound imaging may be used to assist the 
■ ' surg'eon- in determiiimg thd thickness^of the hekrr wall: A cbi^ventional 
. > liltfasound procedure maybe conducted beforfe the procedure,- with the 
^ - - : physician preparing a chart or ferfieMb6rih§' from the ultr^ound' image the 
' thiclaiess of the heart w^rat various p1^ be 
performed during the procedure, >with the physician 6r ah assistant periodically 
observing the ultrasound iniagd display and detefminirig'the heart wall 
thickness. " '"• ■ • - i'' '■:-:"y^': r. u.. .'\ . - j:h . ■ ■.. 

' ; ' Optionally, an uftrasouhd^ertVittihg ahd Yece^ 55 may 

be incorporated in the distal-end IgbY the outei- catheter 1 or in a separate 
hand held device: the likrasbuW image m5iy be displayed on a TV monitor 
(not shown), so that the surgeonvdr'^'assistaht can-visualize the thickness of 
the heart wall at the point where the optical fiber 34 is to penetrate the heart 
. wall. In addition, the emission of laSfer energy into the blood in the heart 
chamber 76 causes Steani bubbles,' from thfe absoititibri of laser energy, which 
can be visualized by ultrasound to confirm that the channel 78 into the chamber 
76 was completed. ' < o;i 1. /:;-.■:; 

. ;i u.'. . . Wanbfhfer embodimerit, the aforesaid ultrasound em^ 
55 may -also transmit image.data t6 a microcontfbller, in one 'Embodiment could 
be controller 24, which processes the data, calculates and displays the thickness 
of the heart wall. i^The micrbcdhtroller can also compute and bp^rate the inner 
catheter/fiber/needfe assembly 22 advancement and drug injection mechanisms 
28, such that the inner eatheier/fiber/needle assembly 22-is advanced, the pocket 
62 or channel 78 is created by the emission of laser energy, the therapeutic 
liquid (AGA) 64 is injected and the inner catheter/fiber/needle assembly 22 is 
withdrawn the desired distances, based on pre-seiected instructions. 
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, . • ■■ Furthc:fmore, witli regard tb all df the devices described, as the 

inner catheter^fiber/needle assenriWy 22- is'kdvanced int6 the tissiie, organ or 
i ; , - heart wall while the laser^26, iS'Mhgria plasm^^ from the 

\ , . vaporization of tissue forms ahe^ ^of the ii^^^^ catheter/fibei^/rieedie 
5 ■ . ,22; These hot gasses cannot escape baekwards/ a^ the needle 32 

in: the channel 78,- and solid tissue remains ahead of liiner catheter/fiber/needle 
: ; assembly 22. These hot gassds accumulate and caUse the diameter of the 
^ channel 78 to increase as -the' inner eatheter/fiber/rieed^^^ 
through the tissue,> which may resUlt in 'a larger ultimate pocket 62 or channel 
10 78 in the tissue, organ or heart wall ; However, to limit the zone of coagulation 
about the channel 78 and lateral damage to tKe myocaLrdiurii 60, it may be 
necessary to advance the inner catheter/fiber/needle' aLSsembly'22 at a relatively 
:fast rate for a very short time at a given driergy level to achieve a desirable and 
unifbnii channel or pocket size and coagulation zone. 

15 Laser source ^ ' - ' ^ - 

Laser sources suitable for adaptation to the methods of the 
present invention, and use of the device 10 of the present invention are 
described in the art. Iri a preferred embodinfient, t^^^ 26 produces 

O energy from a Holmium: Y*AG laser or cornparable lasfer kt a wavelength of 

20 1400 to 2200 micrometers: Energy froni an -excimer'i (300 to 400 
micrometers). Argon laser (488-520 micrometers), KTP laSer (532 
micrometers), Nd: YAG laser (1064 micrometers). Erbium laser (2940 
micrometers) or any other source of laser energy which is able to be transmitted 
through optical fibers, or in a pulsed, gated, or continubus wiave may be 

25 utilized- Preferably , a itiulti-head Holmium laser, as described in U.S. Patent 
No. 5,242,438 toiSaadatmanesh et ai ; i s preferred. " ' 
Needle/TW'Optical Fiber/Inner Catheter A ssembly 

. ^ In one embodiment, a simple device 2010 for penetrating tissue 
mechanically using a syringe needle 2032 in which an optical fiber 2034 is 
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encased, for the application of laser energy after the device 2010 has first 
. penetrated a. selected distaiice ijitp the<tissue has been designed-. 

- • '_^here apj)roRriate,,,the last three digits of the 2000 series of 
numerals depicted in.FIGWJ^S..9A-B. are connected to elements which have the 
> , ^ sanie ftinction and/pr structur^.as those depicted wjth regards to FIGURES 1-8. 

Since.the. length 9f the needle 2032 must sometimes be limited, 
when for example, the fil^r 2.Q34.,must be bent at a sharp angle to pass through 
, . a canula pr.to articulate in an.outer catheter 2012 ina desired- direction in a 
. .confined space, for example, in the left ventricle of the heart, the needle 2032 

must be firmly anchored to the optical fiber 2034.,, Otherwise; the needle 2032 
. will not advance in synchrony with , the optical fiber 2034, or. the needle 2032 
can become detached. 

The device 2010pf,th^ invention solves this problem by crimping 
the needle 2032 to the optical, fiber 2Q34 at about the 9 and 3 o'clock positions 
(when viewed in cross-section), resulting in an oval shape with fluid conveying 
channels 2044 at about the 12 and 6 o'clock positions, as shown in FIGURE 

2C, _ . ^ ^ ^. . , _ 

The inner.patheter/fiber/needle assembly 2022 will comprise, in 
one embodiment, an optical fiber ^034 .extending through the inner catheter' 
204? where about 6 to 15 mm o^.the.dist3^ end,2094 of the optical fiber 2034 is 
encased within an. appropriate Iength;Ofsy.ringe needle 2032 (preferably about 8 
to 17 mm), preferably with, a, sharp or- double-beveled distal end 2096. 

. As illustrated in FIGURE 9A, a thin-walled imier cadiet^^ 
is disposed about the pptical fi|,er.?034. ^rpm whose distal end 2094- the buffet 
coat has been removed.. The. imier catheter 2042, is- affixed over a proximal end 
2098 of the needle 2032. by an adhesive or th.e jike, so that-fluid 
communication through the needle 203.2Js obtained, .without the catheter 2042 
being thick or stiff, so the^motive force can be applied solely to the optical fiber 
2034. 
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As illustrated in FIGURE 9B, a symmetrical outer surface of the 
inner catheter 2042 to needle 2032 junction can Jbe achieved by creating a flange 
2100 at the proximal end 2098 pf tlie.nieedle 2032, pve^ the inner catheter 

2042 can be attached by adhesive, or the like. Apparatus, similar to. this design 
5 are relatively simple to manufacture at reasonable, cpst, and are relatively 
durable in use. A sample embodiment of such a device has been used to 
more than 400 channels in bovine heart tissue with emission of laser energy 

during in vitro testing. ^ , . : . . . ^ ; ; 

As illustrated in FIGURE 10, a luer 1^^^^ 

10 "y " or "t" connector 104, which is attached by adhesive to ttie optical fiber 34 
at a point about 25 to 6Q cm froni^ the proximal end 106. of the optical fiber 34 
can be used for inftision of the liquid (AGA) 64 into the space between the 
optical fiber 34 and an inner catheter 42 attached by, an adhesive, to the distal 
end 108 of an inner metal sleeve ,110 with a flange 112, which is attached to the 

15 distal end 1 14 of the "y " or "t" connector 104. The distal end of 108 the inner 
metal sleeive 1 10 is movably dispose;d withiii an outer sleeve 1 16 (metal or other 
suitable material) shown with a flange 4i7 ;attached by adhesive to. die proximal 
end 118 of the outer catheter 12. > 
In devices for practicing the methods of the invention, the 

20 apparatus will have a source of pulsed laser energy optically connected to the 
proximal end 106 (opposite from the needle end) pfap optical fiber 34 for 
delivery of laser energy to the inner catheter/fiber/needle assembly 22, In a 
preferred embodiment, the opticsd fiber 34 extend^ into the needle 32 from 
within the lumen 46 of an inner catheter 42 which is in fluid communication 

25 with a source of an AGA 64 in a liquid suspension. ^ , ; 

As sho^yn in FIGURES 11-13, three additional embodiments of 
the inner catheter/fiber/needle assenibly 22 of a deyice 10 for practicing the 
invention are depicted, \y hi le described in terms of a needle 32, it is. also 
contemplated, as discussed above, that a pointed, tapered or blunt ended tip 36 

30 may also be suitably formed for making the mechanical puncture of the heart 
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muscle, and thus may incorporate the features described herein with reference 
- t6 a rieedie 32. Siich a tip 36 may'bi; fbrmed from suitable metai or plastic. 

"As shown 'in FIGURe' 11 , flmd ch^els 44 through the needle 
32 are cOt'Withiri oi" jacket 122 which encases the optical fiber 34 and 

5 'Within the bore 124 -of ^e'H&dle^"32 allowing fluid commuhication therethrough 
to die%men 46 of the inner* cathete^^^ " . - • 

FIGURE 12 depicts an embodiment similar to that of FIGURE 
11, however, protrusions or flanges 126 from the inner" surface 128 of the bore 
i24 <jf the needle 32 criiiip down upon the fiber optic jacket 122, holding the 
optical fiber 34 firnily within and in place,' fluid channels 44 being available in 
the spaces between the prothisiohs bi-' fliiges 12^^ ' ' 

' ' As shown in FlduRE 13, instead of fluid exiting from the distal 
end 96 of the needle 32, which c^ klso be affixed to the distal end 94 of optical 
fiber 34 with adhesive, ohe 6t more side ports 130 proximal to the distal end 96 
of the needle 32 are provided to allow fluid 30 or'liquid (AGA) 64 to exit. 

Where appropriate, ihe last three digits of the 3000 - 10000 series 
of numerals depicted in FIGURES 1^:25 are'cbrinecied to elements which have 
the same function and/or structure as thos^ depicted with regards to FIGURES 

A^ s^ri in figure' 14, for' attaching the fiber 3634/inner 
catheter 3042 to" the advancemelit/^vithdraWai riiech^'ism 3084, an inner metal 
sleeve 31 10 with a flange 31 12 cah be disposed over ahd attached by an 
adhesive to a «y» or "t" connector 3104 affixed to the' optic^ fiber 3034 about 
V4 to 1/3 of the length of the fiber 3034 from the source of laser energy (not 
shown). The distal end of the inner metal sleeve 31l6 is mbvably disposed 
within outer sleeve 3116 widi a flange 3117, which is attached to the 
proximal end 31 18'of die outer catheter 3012. The first metal sleeve 31 10 is 
removably attached to a first clamp 3132 attached to the arm 3086 of the 
advancement/withdrawal mechanism 3084. The second sleeve 31 16 is 
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,.. ; removably attaehed to a second.clamp 3134 attached to the fraime or housing 
3136 of the advancement/withdrawal mechanism 3084. - ' - ' - - 
. In FIGURE ^5 / aa alternative 
- the invention is shown. In tliis embodimentv the liquid injection niechanism 
5,. .. 4028 comprises a pump 4 138. arid! reservoir 4140 in fluid conmiuni 
. ^- through the;iraier(C2rtheter 4042f. ' ^ . ^ : - * 

- \ : FIGURE 16 Jllustratesian embodimerit:of the invention which 
- .does not utilize laser energy. Using a moveable obturator 5142 '(optical fiber, 
, : hypo tubing with the distal end sealed^ a plastic rod or other'material) with an 
10 . : "O" ring;5144 affixed near its distal end :5146, this moveable inner 

catheter/needle assembly, referred Uo generally as 514i5, is iadvanced a selected 
, .distance into the tissue, o^^^ by a first advancement 

. . means (not shown).! ,The obturator 5142' is then^ advanced manually by a second 
' . advancement means (not shown) a selected distance to displace a desired amount 
15 . .of the: therapeutieiUquid (AGA) 5064 from the 5042, against 

. which the "Os ring:5144 forms a seal. ;:The outer catheter 5012 may, 
optionally, contain an ultrasound transducer 5055, so the thickness of the heart 
. , wall at the point of contact may be a^ceitaiiibcl by the operator. 
, ^ , As seen in FIGURE 17v the fluid channel oif t 

20 . FKjURE 16 contains ialiquots 6148 of the therapeutic liquid (AGA) 6064 
separated by bubbles 6150 of a;gas (air^ G02, nitrogen or the like). The 
obturator 6142, with an "O" ring 6144 to^form a! seal, is manually or 
mechanically advanced adistance sufficient to eject one or more aliquots 6148 
of a therapeutic liquid (AGA) 6064 into ^ the tissue; bfgan or heart wall. 
25 . > . . . Another embodiment of the invention indudirig the liqu^ 

mechanism 7028, again without using laser energy , is shown in FIGURE 18. 
In this embodiment the needle 7032 of a conventional syringe 7152 is advanced 
a desired distance into a tissue, organ or heart wall^ manually or by a first 
advancement meansi(not shown). The plunger 7163 of the^syringe 7152 is 
30 advanced manually or by a second advancement means (not shown) a selected 
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distance to expel a desired.quantiO(.of the therapeutic liquid (AG A) 7064 into 
the tissue, organ or/heart waliL -a. . u' 

C .- . >A^,seen in FIGURE 19,. another embodiment of die invention is 

shown. One, or more capsules: onpellfets 8154 of bone marrow extract, after 
5 . .screening,. centriftigingiaEnd'Hremoval of fat. optionally mixed with a vehicle such 
as cocoa butter or a polyethylene glycol (i.e.; CARBOWAX®) among others 
.„ , which,melt at body.tempferature,^and pelletizing, optionally in a pointed end or 
. V bullet-shaped configuration,- arerlined up within the inner catheter 8042 of 
. . FIGyRE,16, separated by liquid or preferably by a gelation 8156. The inner 
10 catheter/needle assembjy 8145 is advanced a selected distance into the tissue, 

organ.or heart wall-manuaJIy orrhy a-.first advancement mechanism (not shown). 
, The obturator 8142is.then advancedmanualIy orby a second 
niechanism.(not shQwn).a distance necessary, to expel one or more of a desired 
number of the pellets 8.154; which may- optionally be enriched withstem cells 
15 collected from the.patient's.peripheral. blood, arid which may include adhesion 
molecules to enhance the attachment^of the liquid (AGA); 8064 in the desired 
.tissue.organor heart wall, c . .:. , ; 

. As seen in-FIGURE 20, in an alternate embodimeht of die present 
invention in which laser energy -is not used^and no optical fiber is included), the 
20 inner catheter 9(>12 is connect6d:at its prdximal end 9158 to a short length of 
syringe needle 9032,: maintaining afluid channel with the syringe 9152 as 
described heretofore.: The inner catheter 9042^is movably disposed within an 
outer catheter 90,12,, whose directable (steerable) distal end 9018 can be 
positioned at the inner surface of the left ventricle of die heart or upon an organ 
25 .or other tissue. When the activation button 9016 on the handpiece 9014 is 

pressed..a microprocessor-9024,:based.on pre^selected paramefers.causes an 
advance/withdrawal mechanism, 9084. to advance and withdraw the inner 
''^'^^'^^ assembly 9145; and a liquid injector mechanisrri. 9028 to advance 
the, plunger 9162 of the syringe 9152 to accomplish the desired result. 
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Optionallyvthi% process(may be:^ the "r" wave of the patient's 



As seto in FIGUREi21 , the device of FIGURE 20 is illustrated, 
except that the outer catheter 10012 t^ernunates.in a metal cannula extending from 
a handpiece 10014, which can be positioned on the exterior surface or of the 
heart 10070, an orgaii or btlier tissued lii all' other respects, this embodiment is 
similar to that shown in EIGUREi 20:7 1 : 

As seen in FIGiy^ 22, an,exaniple of a kit for removal of bone 
marrow and preparation of bone marrow for injection is shown. The kit, in 
'addition to other components contain the following: 
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1 



,:2 



f.vt:^f \f -"^1"^ ^ °' ^Pi'^^tion Needle 164 with 
stylus 165, 11 to 14 gauge, 4 to 5 '/i long needle. 

250 ml. beakers' J 66 (optional). .•. 

1 500 ml' beaker 1^8 (optional). 
, ; . , - , • . ^ . holder .170 (optional). 

2 2 needles 171::(10-14 gauge). •. 
' / ^ ^ ■ 20 cc syringes 17^2 (with bored out lumens). 

10 ™" '^"'^ ^'^^^e" 174, 1 with 0.307 mm width 

screens 176, and 1 with 0.4 mm wide screen 177). 

1 Pipette 178. 

2 Centrifuge tubes (179). 
1 Hemostat 180. 

1 Scissors. 

2 EDTA bottles (optional) (not shown). 
2 Processing bags 182 with anticoagulant. 
1 Storage bag 184. 



The procedure is performed under sterile conditions and under 
general anesthesia in an operating room. A solution of about 4 ml of heparin 
without preservatives (Comiaught Laboratories) in 100 ml of serum free tissue 
culture medium (Stem Pro-34™ SFM or Knockout™SR. Life Technologies 
Rockville. MD) is prepared. The beakers and other utensils are rinsed wiih the 



mixture. 



The procedure is performed as described by Thomas, et al in 
"Technique for Human Marrow Grafting", Blood 36(4); pg. 507-515 (October 
1970), by Deeg, HJ et al. in "A Guide to Bone Marrow Transplantation". 2nd 
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Ed., Springer-Verlog; Pg. 89-94 (1992), or by other means known in -the art. 
FIGURE 23 shows a human stem cell 186, v^hose diameter is approximately 8.2 
+ /- 1.1 microns to 8.7 -1-/- 1.2 Hiicrons. according to Gap, D.Y. et al., 
"Fundamental Cryobiology of Human, Hematppoietic Progenitor Cells. 
5 l Osmatic Characteristics and Volume iDistfibutipnl' , Criobiolpgy 36(l):40-48 
(Feb. 1998), lodged at Uie biftircation 188 of ,a larger blood vessel 190. The 
arrow indicates the direction of blood flo\y.v -r 

FIGURE 24 shows, a hunian stem cell 186 encapsulated in a 
liposome 192, with a diameter of about, IQ to . 15 microns, lodged at the 
10 bifurcation 188 of a blood vessel. 190- , ,, 

FIGURE 25A shows.;int^rcellular bone mai^row 194 material 
encapsulated in a liposprne 192, with a diameter of about 7-10 microns, lodged at 
the bifurqation 188 pf ablopd vess4;19a ' 

FIGURE 25B shows the.partiallyidecpmppsed liposome 192 

15 encapsulating the intercellular bone marrow 194 material of FIGURE 24A 

partially decomposed, with the decpmppsltipn and release of material 194 into the 
blood vessel occurring at. the flow pressurized; face of the liposorne l^ 

\Vhile particular jembodiments .of the present invention has been 
shown and described, it will be appreciated by those ?kiUed,in the art that 

20 changes and modifications may be.n)ad,e hereto witiiout departing from the 
invention in its broadest aspects and as set forth in the following claims. 
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I-Claim: ' ' ., ■ ■ ■ . 

' " •Isofatea'-bone tnah-ow composition enriched with ; 

physioJo^icdly tohipatibfe fetem cfeifs^^ 

^ ••' ^ --i: the isolated' bone marrow comp'ositibn of claim I 
5 ' ^' suspeiidea in phosphate' biifferfed^^^^^^^ • '•' . • 

3 ••••^^•thfe ^soTated'bofne ^t6v> Cofiq^sition of claiin 2 wherein 
said suspension is constituted by at^ast brie part by Wei^ht^i>hosphate buffered 
•• • salrnd to one-part by-Wei'glit fcb'ife"ii^6V.' ^' ' ' 
4.- Tiieisoiatfedbbnemkrro^^ 
10 said suspension is ft,rther constituted by at least one part by weight phosphate 
bulfered saline to one part^fc^y wei^t borie hiarrow and stem cells. 

• 5. - The isolated Ibof^^ 
said suspension is constituted bj^ 4bbut three parts by Weight phosphate buffered 
' -saline tO:6ne-|iart l>y-wfeijgiJt fcbhe'marftiWv 

' ^«*«'^te«i b<«^~'Wix)W-6ohipo5Won of clito 2 wherein 

■ said suspension is forthfer constituted by about three parts by weight phosphate 
buffered saline to one part by weight' bone marrow and stem cells. 

• ' 7. The isblated bbne marrow composition of claim I further 

including a stabilizer; .. 

^ "^^^ 'solated borie marrow composition of claim 1 further 
including adhesion inolecules. ^ . . 

9. The isolated bone marrow composition of claim 1 
suspended in an aqueous, physiologically compatible hydrocolloid. 

10. The isolated bone marrow composition of claim 1 in a 
physiologically compatible thixotropic suspension. 

11. The isolated bone marrow composition of claim I 
encapsulated in liposomes. 

1 2. The isolated bone marrow composition of claim 1 1 wherein 
said liposomes are at least about 7 microns in diameter. 

13. Isolated bone marrow composition in pellet form. 
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, . ^ 14 the isolated bone riiarrow composition of claim 13 

enriched wit^^ ; 

15. The isolated bone marrow composition of claim 13 farther 

including a hydrocolloid. 
5 16. The isolated bbnfe 'marrow 13 wherein 

— ' said hydrocolloid is polyvinylpyrrolidone ^Having a weight average molecular 
weight of no more than about 10,000 Daltofis. ^ 

• — 17. ' An isolated, thixotropic bone marrow composition. 

18. The isolated, thixotropic bone marrow composition of 
10 claim 17 containing rhicrocrystallirie cellulose. 

19. The isolated, thixotropic bone marrow composition of 
claim 17 containing carbbxy inethy 1 c'eliulbse sodium. 

20. The isolated, thixotropic bone marrow composition of 
claim 17 enriched with phy^iologicaily compatible stem cells. 

15 21 . The isolated, thixotropic bone marrow composition of 

claim 17 further including atihesiori molecules. 

22 ■ The isolated, thixotropic bone marrow composition of 
claim 17 further including a stabili^r. 

23. Isolated bone marrow composition which includes adhesion 

20 molecules. 

24. The isolated Borie rriarrow composition of claim 23 
enriched with physiologically compatible stem cells. 

25 ' Isolated ix)ne marrow ebmposition which includes a 

Stabilizer. : , 

25 26. ' Isolated bone marrow composition which includes 

phosphate buffered saline. 

27. The isolated bone marrow composition of claim 26 which 
includes at least about one part by weight phosphate buffered saline to one part 
by weight bone marrow. 
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* - _ ,* 

: . . 28. The 'solate^l bone marrow.composiU^^ 

includes about three parts by weight phosphate buffered saline to one part by 
. . weight bone marrow. 

29. The isolated bone marrow composition of claim 26 
' .. .. ;®!?fjci?ed with^physiolpgicaljy compatible, stem cells. 

- ^ ^ ?P'--. , ;The.isol^ted^lK)ne marrow comppsitipn of claim 26 which 
includes adhesion molecules.. . ^ 

. , ■T^^ i^^'ated :bone n^pw composition of claim 26 which 

includes a stabilizer. 



5 



' ° 32. An isolated stem eel] composition which includes adhesion 

molecules. 



33. An i^solated.steip, cell composition which comprises stem 
cells encapsulated in liposomes. - , . . 

. T,he..isoIated st?m ,cpll composition of claim 33 wherein said 
liposomes are at least about 7 microns in diameter. 

35. A method for repairing tissue in vivo and comprising: 
creating a cavity within defective tissue in vivo: and 

depositing a physiolpgica^Iy compatible bone marrow composition 
into said created cavity. 

^ 36. The method in accordance with claim 35 wherein said 

deposited bone marrow composition i^ eqriched with stem cells. 

37. The method m accprdange ,with claim 35, wherein said 
deposited bone marrow comppsitipn. includes adhesion molecules. 

38. The method in accordance with claim 35 wherein said 
deposited bone marrow composition, is CAcapsulated in liposomes having a 
diameter of at least about 7 microns. 

.;• method m, accordance with claim 35 wherein said 

cavity is created using light energy transmitted by an optical fiber. 

40. The method in accordance with claim 36 wherein said bone 
marrow composition is thixotropic. 
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41 . The method in accordance with claim 35 wherein said bone 
marrow composition includes a hydrocolloid. 

42 A method for repairing tissue in vivo and comprising: 
^ ' " ' creating a cavity within defective tissue in vivo : and 
5 depositing a physiologicajiy compatible stem cell composition into 

said creatied cavity. 

43. The method in accordance with claim 42 wherem said 
' ' deposited stem cell composition includes adhesion molecules. 
' ' " 44. ' the rnethod in accordance with claim 42 wherein said 

10 deposited stem cell composition is encapsulated in liposomes having a diameter of 
' at least about 7 microns. 

45. The method in accordance with claim 42 wherein said 
cavity is created using light energy transmitted by an optical fiber. 

46. The method in accordance with claim 42 wherein said stem 
15 cell cofripdsition is thixotropic. 

47. The method in accordance with claim 42 wherein said stem 
cell coniposition includes a hydrocolloid. . . 

48. A method for revascularizing tissue in vivo and 

comprising: 

20 introducing into an artery supplying blood to tissue deficient in 

blood flow a physiologicaily compatible stem cell composition. 

49. the method in accordance with claim 48 wherein said 
introduced stern cell composition includes adhesion molecules. 

50* the method in accordance with claim 48 wherein said 
25 introduced stem cell composition is encapsulated in liposomes having a diameter 
of at least about 7 microns. , . 

51. The method in accordance with claim 48 wherein said stem 

cell composition is thixotropic. 

52. The method in accordance with claim 48 wherein said stem 
30 cell composition includes a hydrocolloid. 
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53. A method for reyascularizing tissue in vivo and 



comprising: 



^ introducing a phj^sio^^^^^^^ compatible stem cell composition 

into tissue "dericient in blood flow 

54. The method in accordance with claim 53 wherein said 
introduced stem cell composition includes adhesion molecules. 

'^*'^.!^f*.°^'"?^Sordancewithcla^ 
introduced stem cell compo^tion;is encap^^^^^ having a diameter 

of at least about 7 microns, 

56. The method in accordance with claim'ss wherein said stem 
cell composition is thixotropic. i . . 

Stem 



57. The method in accordance with claim 53 wherein said 



m 



. composition includes a hydrocoiloid. 

58. A method for revascularizing ussue in vivo and 
15 comprising: ' : ^ ^ : . < ; .: ; 

introducing into^^ artery; supplying blood to tissue deficient 
blood How an isolated bone marW composition^ 

59. The method in accordance with claim 58 wherein said 
bone marrow composition is enriched with stem cells. 

J^' v, ^^ '!^r^^'^^?°''^^^ with claim 58 wherein said 
bone marrow composition indudes 'afe^ 

. . . 

marrow composition is encapsulated in liposornes having a diameter of at least 
about 7 microns ' 

5 6i The method in accordance with claim 58 wherein said bone 

marrow composition is thixotropic. ' ^ 

63. The method in accordance with claim 58 wherein said bone 
marrow composition includes a hydrocolloid. 

64. A method for repairing mammalian tissue and comprising: 
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_ .. : introdueing into an artery supplying blood to tissue deficient in 

normal cells an isolated bone.marrowi Gomposition. • ■ • ' ■ ' 
. ,,:.„65:, r The method in accordance with claim 64 wherein sa^^ 

>->. bpne.marro\v composition is enriched with, stem cdls'.^ ' ? 

5 66. The method in accordance with claim 64 whei-ein said 

, .; ., bone marro.w Qomposition ihcludesadhesion mblecules.^ 

67. The method in accordance with clairn 64 wherein said bone 
. marrow composition is encapsulated, in liposonles hav^^^g a diameter of at least 
about 7 microns. ^ u: ^ Va:v r: i - 

, 68 : The method in acGordance with claim 64 wherein said bone 
., , maJ^o^y composition is thixotropic.^^'^ 

69. The method in accordance with claim 64 wherein said bone 
: V marrow composition includes a hydrocolloid. ^ ^ 

70. A method for repairing manrniailian tissue arid comprising: 
15 , , , , ^ : mtroducing into tissue deficient in normal cells an isolated bone 

. . jmarrow composition, f ■ : [j^ . ^ ;u 

71 . The method in accordance with claini 70 wherein said 
. vbone marrow composition is enriched with stem cells . 

72. The method in accordance with claim 70 wherein said 
20 bone marrow ^ composition includes adhesion molecules^ 

73. The mediod in accordance with claim 70 wherein said bone 
marrow composition is encapsulated in liposomes having a diameter of at least 
about 7 microns. 

74. The method in accordance with claim 70 wherein said bone 

25 marrow composition is thixotropic. 

75. The method in accordance with claim 70 wherein said bone 
marrow composition includes a hydrocolloid. 

76. A method for repairing mammalian tissue and comprising: 
introducing into an artery supplying blood to tissue deficient in 

30 normal cells a physiologically compatible stem cell composition. 
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- .77:-' . .The;raethpd in accordance with" claim 76 wherein said stem 

cell composition includeS:adhe5ion mGleeules. .. . . 

t..-. - -.78:: . . Xhe.method in accordance with claim 76 wherein said stem 
cell composition is; encapsulated. in %osomes. having a^diameter of at least about 
> 7 microns. .„n- ,r ^ .,:-y,y n; -oli 

79,. ,Phe method.in: accordance with claim 76 wherein said stem 
■ ^^U composition's; thixotropic;;: x ^ 

•*•' • ' ' method in: accordance with claim 76 wherein said 

stem cell composition includes a hydrocolloid. 

.81. A method for repairing mammalian tissueand comprising: 
introducing into tissue deficient in ncniial cells a physiological 
compatible stem, i . ... ,. . . 

82. The method in accordance with claim: 8 1 wherein said 
deposited stem cell composition includes^adhesion molecules. 

83,., . The method in accordance.with claim 81 wherein said 
deposited stem cell composition is encapsulated in liposomes having a diameter of 
at least about 7 microns:. . ; • . ,^ 

84. The method in= accordance with claim 81 wherein said stem 
cell composition is. thixotropic. i n= 

85. ■ Jhe method in accordance with claim 8 1 wherein said ^ 
stem cell composition , includes a.hj/drocolloid. : 
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